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PREFACE. 


Tpik Author’s object in presenting this work to the student 
of microscopy is to supply at a reasonable cost a book 
written upon somewhat similar lines to Ouekett’s ^Prac- 
tical Treatise on the Use of the Microscope/ the second 
and last edition of which appeared in 1852. The necessity 
of a treatise bringing the science to the present day has 
been long felt, and it is hoped that a vacant place in micro- 
scopical literature is now filled up. 

Although essentially a practical work upon microscopy, 
the reader is treated to a little theory, in the hope that it 
may lead to a more minute study of the optical principles 
upon which the microscope is constructed. Some may 
object, perhaps, to so little theory being introduced, espe- 
cially on those subjects intimately connected with Professor 
Abbe’s recent researches ; but it should be remembered that 
the addition of such matter would have added considerably 
to the cost of production and detracted somewhat from the 
practical character of the book ; this, taken together with 
the fact that ample references have been given to Professor 
Abbe’s papers, will, it is hoped, be *sufficient apology. 
Moreover, the information lately put forfh is novel to the 
general body of microscopists ; the views now held are so 
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ciccidcdly o])po.sitc to those pronuili^atcd but a few years 
that it is evident any one writing on subject now 
could only put forth an abstract of the learned Professors 
views. Tliis the Author did not wisli to attempt, as such a 
proceeding would only have mystified the student, and not 
have furnished the advanced worker with as much informa- 
tion as he could obtain from the ‘Journal of the Royal 
Microscopical Society,’ where Professor Abbe’s papers may 
be fnind ifi exteuso. 

With regard to the selection of objectives, the Author 
]io])es lie will not be misunderstood : — medium angles Jiavc 
been advised for students’ use, for the simple reason that 
the}' can be employed without much previous knowledge 
or difficulty ; but for all purposes of scientific investigation, 
wide a[)ertures, reiiuiring often much skill in manipulation, 
will give the most satisfactory results. 

Our American brethren have for many years been im- 
liressed with the importance of wide apertures, and no 
doubt mail}' of their arguments were sound, though it can- 
not be said that their case was ever well demonstrated and 
su[i ported. 

Dr. G. V.. Plackham, in a paper read before the Micro- 
scopical Congress at Indianapolis in 1878, argued ex- 
clusively for wide apertures, though lie was singularly 
unfortunate in his selection of a theory to account for 
“penetration” in objectives; while this byochnrc has beeij 
su[)pleniented by a volume from the pen of Professor J. E. 
.StniLh, ‘ How to See with the Microscope,’ initting forward 
ag.'iin the meiiLs c^l wide angles. 

Mieii):,eop;>ts \yho have lead these works will do well 
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to study what Professor Abbe has written, and then they 
will probably come to the conclusion that the high-angle 
school possess some forcible arguments, and may also 
find that with wide apertures their battery of objectives 
may be considerably smaller to aceomplish work of a better 
quality than when low angles arc employed. 

Under the head of objectives, the almost total absence 
of American productions will be remarked : it is only 
recently that American objectives of the widest aperture 
have found their way into the Author’s hands. Their 
definition is marvellous, but it has not been thought 
advisable to include such objectives in a ])ractical work 
until after they have been used in ordinary observation for 
a sufficient length of time. 

However, the reader may like to know that Spencer, of 
Geneva, U.S.A., produces a 3-inch of 13"^, a 2-inch of 20", 
and a i-inch of 50"^; while Tolies, of Boston, U.S.A., makes 
similar objectives, a Yo- of 145”; both of these opticians pro- 
ducing the j-inch and all higher powers, of iSo'^ air-angle. 

These wide apertures demonstrate clearly the accui'eacy 
of the statement made on page 51, that wide angles require 
more care in their correction, and are consequently more 
expensive. Spencer’s i-inch of 50'' costs forty-five dollars, 
or 9/. ; while the i-inch of 22^ in their student’s series costs 
but ten dollars, or 2/. 

The whole of the information in the work has been 
selected to aid the student as much as possible ; but it 
should be remembered that the microscopciis useful, from a 

scientific point of vienv, only as an aid in lesc/irch, unfolding 

• 

lo us objects either invisible, or but faintly to l^e distinguished 
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by the unassisted eye. The Author has not pandqred to the 
tastes of mere lovers of pretty objects. ^ 

As to the preparation and mounting of objects much 
more miglit have been said ; indeed, volumes written on 
this subject alone ; but types have been selected to avoid 
repetition, and which the student will do well to follow. 
All the processes in practical microscopy must be carried 
out with intelligence, and the why and the wherefore of 
each well understood. If this be done the student will 
find no insuperable difficulties. 

Many of the illustrations found herein have been photo- 
graphed from nature by the Author, and cut in the en- 
graving department of ^Design and Work,’ and thanks arc 
here expressed to the proprietor for these blocks, which have 
enabled the work to be so fully illustrated at a moderate 
cost. To the publisher of ‘ Science-Gossip,’ for similar 
reasons, thanks arc likewise expres.scd. Many of the illus- 
trations have been lent from the ‘Northern Microscopist.’ 

In conclusion, the Author asks his readers to communi- 
cate to him, under care of the publisher, any ideas or 
suggestions in view of future editions, and hopes he has 
established a sufficient raison d'etre. 


Georgk E. Davis. 
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TO THE SECOND 1‘:DTT10N. 


The demand for a new edition of this work within such a 
short period lias necessarily prevented much revision, and 
to a great extent, additions. 

The Author has, however, taken the opportunity of 
adding a few words on the estimation of the exact cquiv^a- 
lent focal length of objectives by means of Cross’ formula, 
and of correcting the few clerical and typographical errors 
which existed in the first edition. Indeed, since the 
appearance of the treatise in December last, there has been 
but little advance in Practical Microscopy, very few new 
appliances have been brought forward, so that had the 
Author deemed it advisable to rearrange the work, there 
would have been but little to add, and considering the 
favourable reception accorded to it, he considers it advis- 
able to allow the matter to remain iji static quo for the 
present. 

The Author thanks those corrcsiiondents who have been 
kind enough to favour him with their opinions of the first 
edition, and begs to intimate that all suggestions for im- 
provement sent under cover to the Publisher, shall receive 
attention. 
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the executive of every microscopical society should en- 
deavour to secure a copy of each for its library. 

If microscopical students would only peruse these older 
works, and enter into communication and discussion with 
their brother microscopists, much time and work would be 
saved, and a great deal of that re-discovery which goes on 
at the present day averted ; there is no other way of 
avoiding repetitions except by the methods above stated. 

We might advance more rapidly, or more certainly at 
least, if we asked, before performing any microscopical 
operation, the reason why. We are too apt to do things 
in a certain manner because some one who instructed us 
in the art and mystery did so before us ; no inquiry was 
made, but we did likewise. If the principles upon which all 
operations are conducted were thoroughly understood by 
all those who intend working with the microscope, much 
labour would be saved, needless experiments avoided, slides 
rendered more permanent, and microscopical research 
brought more into favour on account of some of the barriers 
which now obstruct progress having been broken down. 

It is in this direction that a treatise may be useful to the 
student ; objects themselves, whether of animal, vegetable, 
or mineral origin, are best treated of in works entirely 
independent of practical microscopy ; an organism, how- 
ever minute, has its life-history, and it .should be the aim 
of each student to be useful in his generation by endeavour- 
ing to furni.sh an accurate account of the cycle of existence 
of some member of the animal or the vegetable world. 

Of course, before he can be expected to occupy himself 
with original research, he should be fairly acquainted with 
all that has been done before upon the subject ; but above 
all must he be familiar with the instrument with which he 

4> 

works, and the methods whereby certain results may be 
attained. 
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Microscopical research does not always require the aid 
of expensive apparatus, [t is very handy and often saves 
time, no doul)t, to have ready all those accessories so 
ingeniously devised hy the makers, for microscopists with 
long purses ; but apparatus to answer the same purposes 
may often be made by the ingenious worker, which, though 
m^t possessing such a good appearance, serve just as well 
as the more expensive articles. 

Many microscopists, after a few years’ devotion to their 
favourite instrument, find themselves encumbered with a 
host of paraphernalia of no use to themselves or to any one 
else, the cost of which might have been saved by con- 
sidering beforehand the capabilities of the required appa- 
ratus. As to instruments, each individual taste has to be 
considered, some prefer one pattern and some another ; 
but, after all, these matters are easily arranged if the 
princii)le of construction is good. 

The main office of the microscope is that of enlargement ; 
but this amplification of the image of an object must be 
attained without distortion or the introduction of colours 
not in the original, and it is because single lenses give 
images blurred with spherical and chromatic aberration 
that double and triple combinations are used in the con- 
struction of all good microscopes. Single lenses are how- 
ever very useful for general purposes: as a pocket lens, 
it prevents the collection of much useless material during a, 
naturalist’s rambles, and upon reaching home a further use 
is found in its employment as an aid in dissecting or in 
mounting the objects culled. The most useful magnifiers 
are the ordinary watchmakers’ or engravers’ eye-glasses in 
the usual horn mount, but their amplifying power should 
not be too great or continued use may impair the eyesight. 

A combination of several single lenses, such as is shown 
in I'ig. I, is much used as a pocket magnifier for the field 
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where a hi^li power is not required ; they are cheap, but 
the lower powerg only arc generally useful. The Stanhope 
and Coddington lenses arc also used by some collectors, 
though there is little doubt that they arc going out of date 
on account of their not being so useful as newer forms of 
the simple microscope. 

The Stanhope magnifier is a double convex lens liavino* 
two unequal curvatures. In observing, the deepest curve 
is placed towards the eye, the object 
adhering to the least convex side being 
just in focus. The Coddington lens is 
generally a sphere of glass, round the 
periphery of which a deep groove has 
been cut and filled up again with black 
cement. This lens focusses at a short 
distance from the object, and is much 
superior to the Stanhope form. Inferior ^ 

Coddingtons arc now made from re- 
jected double convex lenses which do not act as well as 
the form described. 

Without doubt the best magnifiers for field use and 
such work generally arc the platyscopic lenses of Mr. 
John Browning, which he makes of three degrees of 
power, amplifying 15, 20, and 30 diameters respectively. 
They are really achromatic triplets, are set in ebonite 
• cells, and mounted in tortoise-shell frames. These 
lenses focus at about three times the distance from an 
object as a Coddington of the same power, and so allow 
of the easy examination of opacpie objects. They are 
shown engraved full size in Fig. 2. Steinheil has produced 
similar lenses, which he terms ‘‘ aplanatische loupen ” ; they 
*are of similar construction to ,the above, and are made to 
magnify 5^, 8, 12, 16, and 24 diameters. 

One of these lenses, or, preferably, two of them, carried 
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in the pocket when field hunting, will prove of invaluable 
assistance to the student. The most uscfi^l powers will be 
found in those amplifying 15 and 30 diameters : the former 
serves well for the examination of mosses, ferns, lichens, 
eilgiu, and such members of the animal world as can be 
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recognised by the aid of a 3-inch objective and the A 
eye-piece, to which combined, it is about equal in power ; 
whilst the smaller glass, giving greater amplification, 
answers admirably for micro-fungi, minute algje and 
lichens; and those forms of animal life for which a i^-inch 
objective is desirable. 

If the reader refers to any work treating upon optics, he 
will find that coinbox lenses yield images in two distinct 
manners — images and rca/ images. A double 
convex lens, when used as an ordinary magnifying glass, 
produces a virtual image which is erect and larger than 
the object, as may be seen jw reference to Fig. 3. 

The greater- Uic convexity given to the surfaces of the 
Iciis, the more will it amplify, and it may also be said 
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that the nearer the object be placed to the principal focus 
of the lens (F) f(j)r parallel rays, the larger will the virtual 
image appear. To yield a virtual image, the object must 
be placed between the lens and its principal focus. 
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A real image is formed from a double convex lens, only 
when the object is outside, or in front of, the principal focus 
for parallel rays ; this image is inverted, and may be studied 
by receiving it upon a screen of ground glass. The action 
of lenses in the production of real images should be care- 
fully considered by the student, as upon it depends chiefly 
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the results of his manipulation, whicli may be perfect or 
defective in proportion as he understands the theory of 
this simple optical instrument. 

An inspection of Fig. 4 will show the two consequences of 
this action. If A B represents a lighted candle placed far 
distant from the principal focus of the lens^ a small, real 
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but inverted image of the candle will be thrown upon the 
screen at a b, and the further A B is placed away from the 
principal focus for parallel rays, the smaller will be a b, and 
the nearer will it be formed to the opposite principal focus. 
On the other hand, if a b represents the lighted candle 
placed in front of the principal focus F but very near to it, 
the real image which is formed, A B, is much amplified, in 
proportion as a b is nearer to the principal focus, and the 
distance at which A B is formed is likewise regulated by 
the distance of the object from this point. The nearer a b 
is to h", the further will A B be formed away from the lens, 
and vice versa. 

The student will now be able to sec the principle upon 
which the microscope is constructed, the objective pro- 
ducing a real image of the object, while a virtual image of 
this enlargement is seen by means of the eye-piece, and, in 
closing this chapter, we do so by giving a table of the 
magnifying power of single convex lenses of varying focal 
lengths, fin* i)arallel rays at a distance of 12^ inches from 
the micrometer to the screen, which has been constructed 
from a paper upon the subject by Dr. Woodward in 
‘ Silliman’s Journal ’ for June 1872. 


l'\)cal Dibtanco 
for 

I’anillcl Kays. 



V' 

i " 
■l 

1 >• 

s 

1 

1 (5 


Amplification 

in 

Diameters. 

4’0 
10*4 
23-0 
q8*o 
9S • o 
198*0 



CHAPTKR ll. 


riJK MlCR()S('OPK STAND. 

As \vc arc supposed to be treating nearly exclusively of 
comi)oun(l microscopes — that is to say, of instruments in 
which the amplification of an object is produced by means 
of a combination of lenses called an “objective,” the image 
being further magnified by another set called an “ocular” 
or “ eye-piece ” — we will consider that our readers reipiire 
no demonstration as to the necessity of some mechanical 
contrivance for holding these lenses in their correct 
positions. 

This is the office of the stand of a compound microscoj)e, 
and when we notice the progress which has been made in 
the details of this instrument from the time the first was 
made for sale in England by Mr. John Marshall, we shall 
find that not to opticians only, properly so called, are we 
indebted for improvements, but to mechanicians ecjually. 
It was but of little use attempting to perfect the optical 
arrangements while the mechanical contrivances were 
imperfect, and when this was fully appreciated, real 
improvements were made by mechanics and optics working 
hand in hand. At the same time, we must not forget the 
aid which has been rendered by amateurs and micro- 
scopists with unlimited means at their disposal ; it is 
certain that many of the early and even the more recent 
improvements would not havy been executed, except at 
the instance cT one possessing a well-lined^ f)urse and with 
great interest in the .science. 
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As previously mentioned, the chief function of the 
microscope stand is to receive the eye-piece and objectives; 
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init it has to do^ much more than this, and upon its form 
uul -ouciiil Ciinstructioii, togctlior with the cli.uacter of 
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the workmanship, depends the excellence of the work it is 
able to perform. ^ 

The two principal models, upon which nearly all stands 
are made, have been named the Ross model ” and the 
“Jackson model,’* both of which may be studied in the 
productions of Messrs. Ross & Co. Fii^. 5 shows the Ross 
model, in which the body is attached by its base to a 
transverse arm, which latter is borne on the summit of a 
racked stem, to be seen in the figure. 

This is a very efficient and convenient form when the 
workmanship is good, and leaves nothing to be desired 
if the stem and transverse arm are sufficiently solid. At 
the saiiie time, it is the worst model on which to make 
cheap instruments, as those who have used them will only 
be too ready to testify. A cheap stand made on the Ross 
model practically requires no fine adjustment, there being 
sufficient spring in the stem and arm to focus with, by slightly 
pressing upon the latter at its junction with the body. 

In the Jackson model, shown in I'^ig. 6, the body has the 
rack work attached to it, and is supported for a great part of 
its length on a solid limb, as shown in the figure. It is, there- 
fore, much less liable to vibration than in the Ross model. 

In a paper read before the Royal Microscopical Society 
in March 1870, Dr. Carpenter detailed his experience of 
these two forms of instruments. He sums up as follows : — 
^ ' My own very decided conviction is that the adoption of 
the principles of the Jackson model would be decidedly 
advantageous alike for first-class instruments, in which the 
steadiness of the image when the highest powers are being 
employed ought to be of primary consideration ; for those 
second-class instruments which are intended, at a less cost, 
to do as much of the work of the first class as they can be 
made to perform, portability here being of essential im- 
portance ; and for those third-class instruments in which 
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that wc will not add a word more. The first-class stands 
are usually made from harder metal than the cheaper 
instruments, in Vhich reduction of cost is an important 
item : this enables the former to wear better, the screws 
and racks allowing* of a great deal of work before they 
begin to exhibit backlash.” The productions of Messrs. 
Ross & Co., Messrs. R. and J. ]3cck, and Messrs. Powell 
and Lealand deserve to be placed in the highest rank, as 
microscopes of the first water, and we cannot do better 
than describe them. 

The two different patterns made by Messrs. Ros.s, and 
shown in P"igs. 5 and 6, arc furnished with an extremely 
solid foot, which is ca.st in one piece. The '^coarse adjust- 
ment” may be easily understood from the illustration, and 
the ^^finc adjustment” is obtained by the action of a milled 
head upon a lever which moves the nose-piece, in either 
case. lk)th instruments are furnished witli a centering and 
traversing substage, and also with a rotating movement 
which is worked by a rack and pinion. The stage itself is 
very complete, the object slide when laid upon it can be 
instantly secured in position, and the whole stage with the 
object in situ can be rotated round the optical axis as 
a centre. The circular motion is graduated, and thus 
answers many useful purposes. A rectangular motion in 
two directions can be imparted to tlie stage by means of 
two milled heads. 

In the most recent forms of instrument the stage is 
made very thin (so fiir as is consistent with steadines.s), and 
the central opening large, so as to admit light of great 
obliquity, for which purpose the mirror is placed at the end 
of a jointed arm, so that it may be considerably extended. 

The large best microscope of Messrs. Powell and Lealand 
kj very heavy and massive ; L/r. Lionel Peale speaks of it 
in high terms of praise. Tlie focussing movement is upon 
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can be set to any angle of inclination, the plate being 
divided so that the angle may be recorded, and in this way 
also, light of any ftegrec of obliquity may be used without 
interference from the thickness of the stage. Horizontal 
movements by two milled heads arc capable of being 
imparted to the stage, which may also be revolved by 
means of a milled head, or when this is pulled out, by 
using the two ivory studs fixed to the top plate for that 
purpose. 

For a description of the substage, we must refer our 
readers to a later portion of this chapter, wherein special 
forms of instruments are described, and in concluding a 
notice of^ these microscopes, urge every one who is wishful 
to possess a first-class instrument to sec the work of each 
of these three firms before deciding. One cannot be too 
careful in the selection of an instrument, and we have nearly 
always found that if any one has rushed blindly into the 
purchase of a microscope on the recommendation of a 
friend, sooner or later he has been dissatisfied with it, and 
has finally purchased another of his own choice. 

Other opticians produce iis specialities good working 
stands at a medium price. 

Swift’s “ Challenge Binocular ” is shown at Fig. 8, and 
has been in especial favour during the past few yeaVs ; it is 
a good working instrument, especially when combined with 
his universal substage condenser. The general construction 
of the stand will be seen on reference to the figure ; it is 
not too tall or large, and is exceedingly well balanced. 

Collins’ “ Harley Binocular,” though formerly made upon 
the Ross model, is now constructed upon the Jackson 
model, and has this advantage, that commencing with 
a simple stand, a very complete •instrument, such as 
shown by Fig. 9, can be built up from it. The '.stage is 
made to rotate and also to move by means of milled heads 

c 
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in two rectangular directions, so that the remarks made 
in Dr. Carpenter’s ‘Microscope’ do not now apply 
to it. 

Crouch’s “Premier Binocular” is also one of the first- 
class instruments. An illustration of it is given in 
Fig. lO. 

Messrs. Pillischer, Browning, Murray and Heath, Baker, 
Watson, and others make medium priced stands of con- 
siderable excellence, but seeing that all the principles of 
construction are exhibited in the foregoing, it would be 
mere repetition to give illustrations of each. 

After all, a microscope stand must satisfy certain con- 
ditions, and if these be fulfilled it scarcely matters to the 
owner who the maker has been. It must be made of 
good hard brass, be furnished with a heavy foot, and well 
balanced, so that it may be placed in any position without 
overturning. All the rackwork and screws must move 
easily, firmly but not stiffly, and without “ loss of time ” or 
“backlash.” Stops .should be placed so that the body may 
be set cither horizontally or vertically as rcciuired, and 
plane and concave mirrors should be always provided, 
preferably on a jointed arm. The lower extremity of 
the body should be furnished with the Society’s screw, 
and jw microscope should be purchased which has 710 1 this 
thread. 

A mechanical stage is not absolutely necessary but is a 
great convenience, despite all opinions to the contrary, and 
some accessories cannot be used without it. A circular and 
rectangular motion should be capable of being imparted to 
the stage without the intervention of rackwork ; but a 
duplicate motion by means of rack and pinion should be 
supplied to the better instrument.s.^ Reasons for the rota- 
tion of the stage will be found in the chapter treating on 
the use of the polariscope. 
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cally by means of rack and pinion ; but the cheaper kinds 
arc usually providgd with a removable tube, into which the 
polariscopc, condenser, and other accessories arc made to 
fit. These should be capable of taking accessories made 
to the one and a half inch gauge, even if purchased from 
different makers. 

A clicap but well-made microscope of special pattern has 
been devised by Mr. Browning, in whicli the entire body 


and stage rotates upon tlic s 
trie even with the highest 
powers. It has a large 
circular glass stage, re- 
movable "stage - fitting for 
apparatus, and is a very 
good form for laboratory 
or general use. It is made 
both with monocular and 
binocular bodies, the for- 
mer of which is shown in 
Fig. II. 

A very good form of 
portable microscope is 
made by Mr. Browning 
and shown in Figs. 1 2 and 
13. The stage is fitted 
with rectangular and cir- 
cular motions, lias an ad- 


'ime axis, perfectly concen- 



justeible substage with cen- 
tering movements, and is 

fitted with plane and concave mirrors on jointed arm. 
When fitted up for use it is as steady as a stand of the 
ordimiry make, as the author can testify, and is shown in 
this position in Fig. 12. By a novel arrangcnignt the body 



packs away with- 
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out detaching any portion of the instrument, as shown in 
Fig. 13. The stand also folds in a novel manner and 
packs into a case, the outside dimensions of which are 
6x6x9 inches. 



Fig. 12. 

It may nqw be as well to notice those forms of micro- 
scope to which swinging substages have been adapted, or 
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those forms whereby the same effects may be obtained by 
other means. In 1854 Mr. Grubb, of Dublin, in a Pro- 
visional Specificafion for Improvements in Microscopes, 
stated, “ My third improvement consists in the addition of 
a graduated sectorial arc to the microscope concentric to 
the plane of the object in situ, on which either the afore- 
said prism or other suitable illuminator is made to slide, 
thereby producing every kind of illumination required for 
microscopic examination, and also the means of registering 



Fig. 13. 


or applying any definite angle of illumination at pleasure.” 
This seems to be the embryo of the modern swinging sub- 
stage, which was not, however, developed in this country 
until Zentmaycr, in America, produced stands with these 
modifications in the regular course of business. 

As an instance of the pattern and the price at which 
these stands arc sold in the United States may be men- 
tioned the Biological stand sold by Bulloch 0/ Chicago. 
The microscope stands 12 J inches high And the stage 


24 


/VvV/ CriCAL MICROS COP V. 


is 3i- inches from the table. The body is 5 inches 
long- and the draw-tube also 5 inches in length, marked 
with a ring to show the standard length. The dianvTcr 
of the body-tube is 1-4 inch. The stage has a revolving 
concentric movement, the mirror and substage can be 
made to swing over the tube, and there are spring stops 
to indicate when they are in a line with the axis of the 
instrument. The lower end of the main tube is fitted with 
the IbUtcrficld broad-gauge screw, forming an adapter 
wliich carries the Society thread. The price of this instru- 
ment in walnut case is, with one eye-piece ,^40, equal to 
about 8/. 8 j. of our money, or with J-inch and J-inch 
objectives 12/. It is shown by Fig. 14. 

After the introduction of these swinging substages by 
Zeiitmayer the manufacture of them was taken up in this 
country by Messrs. Ross and Co., of New Bond Street, so 
that tliosc who desire to be furnished with the latest im- 
provements or modifications of the instrument can easily 
be supplied. The methods of construction arc very similar 
both in the American and luiglish instruments, though the 
superior workmanship of details in l^"ig. 15, over the 
Biological stand of Bulloch, is only to be expected owing to 
the difference in price. 

This instrument is constructed on the Jackson model, 
and is particularly free from tremor. The coarse adjust- 
ment is effected by means of the ordinary rack and pinion, 
the fine movement being worked by the action of a micro- 
meter screw acting on a lever, by means of which the body 
is not touched when using the fine adjustment, and as the 
length is not changed, the relative distance of object-glass, 
binocular prism, and eye-piece remains the same. 

The substage bar which carries the mirror, condenser, 
and other. substage, illuminating apparatus, swings from a 
pivot placed behind the stage, the axis passing through the 
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object when in situ, and remains in tlie focus of illumination 
in every position of obliquity of the bar. The angle may 


% 



Fro. 14. 


bo read off from a graduated circle on 0 sector at. the upper 
end of the bar. 
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For oblique illumination a very thin sta^i^e has been 
devised by Mr. Wcnliam ; it lias only one top-plate, with 
rectangular and concentric rotary movements worked by 
two milled heads upon the same axis. This stage has two 
set-screws by means of which it can be easily and effec- 
tually centered. It is bevelled on the edge and graduated 
to serve as a goniometer. By releasing a strong clamp-nut 
this stage can be at once removed and any other sub- 
stituted. 

The swinging substage attached to the “ International ” 
microscope stand of Messrs. R. and J. Beck may be seen 
in Fig. 7. It is mounted perfectly true with the body, and 
is moved up and down in its fitting by means of milled 
heads. In this fitting all the varied appliances for modi- 
fying the character and direction of the light are fitted. 
The bar into which the substage fits is itself attached to an 
arc working in a circular fitting, and is capable of rotation 
by means of a milled head, so that it may be carried round 
and above the stage if necessary. The amount of angular 
movement may be recorded from the graduated circle. 
The lower triangular bar carries the mirror when the illumi- 
nation is required to be concentric with the optical axis of 
the instrument ; when desired it can be made to slide on 
the subslage bar, and then can be moved above or below 
the stage in the same manner as the substage. Messrs. 
Swift and Son have produced what they term a “ Radial 
Traversing Substage Condenser,” in order to produce the 
same results in illumination iis can be obtained with swing- 
ing substages. Mention only is made here, as its construc- 
tion and use will be fully explained when treating of 
accessories. 

Messrs. Watson and Sons, of Holborn, have recently 
patented t]ie arrangvment, an illustration of which is shown 
in Fig. 16. Ill this the mirror is accurately centered, while 
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the body of the instrument, together with the stage, is made 
to incline in order to arrive at the same results as attained 
with the foregoing accessories. 

It will be seen that the new stand enables the observer to 
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examine an object as he would if it were held in the hand, 
and viewed by the naked eyc—that is, to turn it about in 
every possible way towards a ray of light proceeding in a 
fixed direction— and so, without once losing sight either 
of the light or the object, to observe its appearance when 
illuminated by liglit of every degree of obliquity. 

This is the fundamental idea underlying its construction, 
and in this consists the great difference between it and the 
old forms of stand (although it has all the uses of the latter), 
where the olqect remaining fixed, the only way in which its 
illumination can be varied is by moving the illuminating 
ray — which, in the amount of the results it affords, and the 
amount of time it consumes, is stated by the inventors to 
be in every way inferior to the new one. 

An inspection of the engraving (Fig. i6) will show how 
this idea is worked out. On the top of a strong pillar, to 
which it is attached by a massive cradle-joint allowing of 
inclination in a vertical plane, is fixed the arm carrying the 
body, which latter is provided with rack adjustment, and a 
new and improved fine adjustment, rendering unnecessary 
the usual often unsatisfactory loose nose-piece. The stage 
is so fixed with regard to the arm that the object when 
lying upon it is in a line with the centre of the cradle-joint, 
so that upon inclining the body the object moves with it, 
and is presented at every possible vertical angle to a ray 
proceeding to it from a given direction. The stage is of a 
new and improved construction, being exceedingly thin — 
in fact the thinnest mechanical stage yet devised — and is 
capable of giving a complete rotation of the object. 

Beneath the stage swings the substage arm, concentric 
with the object, and carrying the usual screw centering and 
rack adjusting substage. 

Behind the substage arm is a strong bar, provided with a 

dovetailed groove, into which the mirror bar slides. This 

( 
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is so pivoted to the siihsta^c arm as to allow tlic latter to 
be swung aside and the mirror used alone when requisite, 
without the trouble of taking the substage away altogether. 
Tliis is a great advantage, as it permits the substage, and 
any apparatus it may be carrying, to be swung into or out 
of position in a moment with the mirror in the position here 
indicated. The stand has all the uses of the old forms of 
microscope, and can be employed in exactly the same way, 
but even then its peculiar motions round the object as 
a centre give it very great advantages in every class of 
investigation. But it is when the mirror occupies the 
position now to be described that the peculiar properties 
of the new stand arc brought fully into play. 

The upright pillar, carrying the body and stage, is 
attached at its foot to a massive circular plate, carrying a 
graduated circle which rotates round a point exactly 
beneath the centre of the stage ; and moving independently 
and concentrically with this is another smaller circle, 
having a dovetailed groove ploughed across it, into which 
the mirror bar can be slid when withdrawn from the sub- 
stage arm. A spring catch attached to the dovetailed 
circle falls into a notch in the mirror bar when the centre 
of the mirror is exactly beneath the centre of the stage. 
This is the most useful position for the mirror, as a ray fall- 
ing from a source of light upon it may be reflected upwards 
perpendicularly upon the object, when the body of the 
microscope is vertical, then without interfering again either 
with the mirror or lamp, or interposing any accessory 
apparatus whatever, but simply by inclining the body, the 
light falls upon the object with a gradually increasing 
obliquity until, when the instrument is nearly horizontal, a 
perfect dark-ground illumination^ can be obtained even 
wifli the highest powers, while the gradual way in wliicli 
the light becomes more and more oblique immediately 
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under the eye, and the capability of arrestinc^ the incli- 
nation at that point where the most suitable illumination 
for the object unf!er examination is obtained, give to the 
observer powers he has seldom before had at his command 
in any form of microscope yet produced. 

The horizontal rotation mentioned above allows the object 
to be directed to the light at every angle in azimuth — to 
borrow a term from the astronomer — as the cradle-joint on 
the top of the pillar gives every angle in altitude ; the 
object occupying the centre of both motions, by a combina- 
tion of the two it can of course be placed in every possible 
position. These angles are read, the latter by a graduated 
circle in^thc outer side of the cradle-joint, giving the incli- 
nation of the body to the vertical, the former by means of 
the graduated circle at the foot; readings of these circles 
being taken with the mirror placed as above described at 
any time by so fixing the instrument that these circles 
read the same. Any desired effect will be exactly repro- 
duced, wherever the lamp may be placed — a point of the 
greatest importance to workers with high powers. 

There is a third divided circle on the substage axis, 
giving the inclination of the subslage to the axis of the 
body. A strong clamp on the outer side of the cradle-joint 
holds the body firmly at any inclination, and a graduation 
on the slide of the coarse adjustment enables the working 
distance of the objectives to be measured and compared. 

Time alone can show whether these present apparent 
advantages are lasting, or whether the instrument will wear 
as well as those of the old form of construction. 

The foregoing illustrations of microscope stands are seen 
to be both monocular and binocular — that is to say, used 
with one or two eye-pieces. A binocular should always be 
purchased when the student's means are sufheienj;, as most 
objects can be studied with much more ease and comfort 
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than witli a inoiiocular niicrc)sco[)C. Binocular instruments 
arc made in such a manner that the rays proceeding from 
an object lying upon the stage arc splft into two parts, 
each portion passing separately through a tube to the 
eye-pieces, as shown in Fig. 17. 

The form of prism used for dividing the rays (we may say 
universally) is that devised by Mr. Wenhani many years 
ago. It is mounted in a small brass box, sliding into the 
lower end of the microscope body immediately over the 

objective, as shown in Fig. 17. 

, I A section of this prism is shown 

\ ! in Fig. 18, the dotted line indi- 

cating the direction of one por- 
tion of the divided ray. 

It should not be forgotten 
that a binocular of this form is 


17. Fig. 18. 

not well suited for use with objectives of a higher numerical 
aperture than 0*34 or 40'' air angle ; a certain amount of dis- 
tortion occurs with higher apertures, which may be readily 
perceived on the examination of spherical pollen-grains and 
such like t)bjects. Dr. Carpenter has pointed out this ex- 
aggerated relief years ago, yet there are some folks now 





THE STEPHENSON BINOCULAR. 


33 


who delight ill showing this imperfection as one of the 
beauties of the binocular microscope. 

It will thus be that objectives of higher amplifica- 

tion than the half-inch cannot be satisfactorily used with 
the binocular, and even the half-inch re(iuircs making of 
specially small aperture to adapt it to this use. The 
prism is always made removable, so that at any time the 
microscope can be used as ii monocular by simply with- 
drawing it. 

In order to enable observers to use binocular vision with 
high powers, Messrs. Powell and Lcaland have devised a 
system of prisms which may be used with objectives as 
high as the The images produced are not stereoscopic, 
but exactly similar. Mr. VVenham has also devised prisms 
for using high powers binocularly, which appear to act in a 
very successful manner. 

Tolies, of (kinastota, U.S., makes a binocular eye-piece for 
the ordinary single body, which gives a large and well-illu- 
minated field with low and medium powers. Professor 
II. L. Smith remarks that he has used the and 
objectives with it. 

Another binocular microscope was devised some years 
ago by Mr. J. W. Stephenson, which has since been success- 
fully made by Mr. Browning. Within the last few years 
the cost of this instrument has been considerably reduced, 
Messrs. Swift and Son and Mr. Baker having each con- 
structed a Stephenson binocular for dissecting purposes at 
the moderate price of 7/. 

The Stephenson binocular, as made by Mr. Browning, is 
shown at Fig. 19, in which the change from binocular to 
monocular or 7 fice versa can be effected without unscrewing 
any part or interfering with the object under examina- 
tion, " 

In this form of binocular the rays are divided by two 

. D 
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prisms A A, Fig*. 20, which, passing upwards, arc rcflcclcd 
towards the cye-picccs by the triangular prism B, Fig. 21. 
The instrument is erecting — that is to say, objects are pre- 
sented to the eye in a normal manner, and not inverted 
as in the ordinary form of instrument, which adapts ic 
specially for use in dissecting. The bodies of the micro- 
scope are made to rotate, carrying the prisms with them, 
so that two observers may work with the instrument, 



observe the same object, and compare notes without alter- 
ing the conditions under which the object is being 
examined. 

Amongst the foregoing medium and best stands, the 
reader must be fastidious indeed if he is not able to find 
one to suit his choice. Price might be a deterrent, and 
therefore some illustrations are given of several microscopes 
wl,iich, though cheap, are good working instruments. 

Fig. 22 is the PIconomic monocular microscope of Messrs. 
R. and J. Beck, which with coarse and fine adjust- 
ment, I -inch and ^{-inch objectives, two eye-pieces, con- 
cave mirror, side condensing lens, diaphragm, forceps, 
pliers, and glass slip with ledge, in mahogany case, costs 
6 /. i. 2 jr. 6 d. A small cheap stand such as this is nearly 
always required by the practical microscopist, even' if he 
possesses a first-rate in.strument ; for travelling. Society 
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demonstrations, disscctini];, and many other purposes a 
small microscope is exceedingly useful. 

Another chea[) instrument, orii^inallx' reidstered In' Mr. 
Swift, which is now furnished by several makers, is shown in 
Fig. 23 ; it has a sliding 
body for course adjust- 
ment, a fine adjustment, 
draw-tube, wheel of dia- 
phragms, tube fitting for 
substage apparatus, [ilane 
and concave mirrors, one 
eye-[)iece, i-inch and [- 
inch obj(#ctivc.s, and stand 
condenser, in mahogany 
case, the price of which is 
5/. 12.V. 6//., to which can 
be added afterwards a 
[)olarisco[)e, 25^'., a camera 
lucida, Gs.y and a stage 
micrometer, 5.^'. Gd. 

h'(]ui[)ped with one of 
these instruments, which 
arc remarkably steady, 
being hung on the Jack- 
son model, the student 
Ui ready for an immense amount of work, and it is 
certainly much better to invest in an instrument such as 
this than to waste money on a cheaper instrument whiich 
has not the Society's screwe In the purchase of a low- 
price stand, we w'ould give the student the following 
advice: — Never purchase a cheap instrument made upon 
the. Ross model ; never purchase one which will not take 
objectives witli the Society’s thread without a'n adajitcr ; 
never purchase an instrument without a fine adjustment, 
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witliout it be for petrological studies merely ; and above all 
do not purchase the extremely trashy foreign separating 

objectives. If you want 
foreign glasses, there 
are good ones to be 
bought — buy them. 

After all, there are a 
few objections to the 
form of instrument 
shown at Fig. 23. The 
body tube is narrow and 
the field lens of the eye^ 
piece small in propor- 
tion, so that the field is 
limited in size ; then, 
again, the ab.scnce of 
a coarse adjustment 
may for some purposes 
be found inconvenient, 
while the fitting below 
the stage should be 
made removable. On 
the other hand, the short 
tube gives a larger field 
when used for photo- 
micrography, and is also more convenient as a dissecting 
microscope, lengthening as it docs the anterior conjugate 
focus and giving more room for the needles. 

Recognising these and several other advantages, the 
author had one specially constructed, as shown in Fig. 24. 
The draw tube is wide enough to take the full-sized eye- 
pieces, and when it is fully extended the whole forms a 
body of the ordinary length. The stage, togetlicr with tlic 
b(Kly, ma\' be rotated round the optical axis in the same 
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manner as has been already shown in Fii;. ii. There are 
coarse and fine adjustments, a diaphragm in the thickness 
of the stage, plane^and concave mirrors, the whole costing 
the author the moderate sum of three guineas and a half. 

With this form one is not bound to bad or medium eye- 
pieces and objectives ; they can be bought separately and 
selected. We should like to see some enterprising manu- 
facturer making the instrument as shown in Fig. 24, and 
selling it for six guineas witli an A eye-piece and a good 
inch objective, or without eye-piece and objective for 3/. lo.r. 
'khe details of this instrument are as follow: — Wdien 
standing vertically and closed down, the toj:) of the eye- 
piece is i.i inches from the table, the collar in which the 
body slides being 3 inehes in lengtii, and lined with veKxd. 
The body is 5 inches in length, and the draw-tube 4.\ inches, 
with an outside diameter of 1*3 inches; the stage is 
3*7 inches from the table, and has a diameter of 3 inches; 
the mirrors arc 2*2 inches in diameter, and the fine ad- 
justment raises or depresses the entire body of 

an inch for each complete revolution. The stage is less 
than \ of an inch in thickness. The author has found 
this a very convenient instrument for jdiotomicrography 
and for general microscopical work. The substage fitting 
will take all accessories made to the usual i. ’,-inch gauge. 

Mr. H. P. Aylward and Mr. K. Ward of Manchester now 
si^pply this working microscope, with wide body-tube, 
which is further provided with an adapter for Continental 
cyc-t)icccs. 

It is greatly to be deplored that there exists no universal 
gauge for eye-pieces and substage fittings. A committee 
was appointed by the Council of the Royal Microscoj^ical 
Society in October last, to consider this ([uestion, but their 
report is not yet issued. 
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KYE-PIKCKS AND OBJECTIVES. 

Eyc-plcccs or Oculars , — When the student purchases a 
microscope stand, he will generally find it supplied witli 
the lowest power Huyghenian or negative eye-piece, usually 
designated by the letter A. At the same time, it may be 
stated that others, possessing greater degrees of amplifica- 
tion are often substituted or added at the wish of the 
purchaser ; and it should be remembered, in the selection 
of a microscope stand, that the eye-pieces of one maker 
will not always fit the tubes made by another. It is a 
thousand pities opticians have not yet learned that their 
time may be more profitably occupied than by making 
adapters for each other’s instruments. 

The Iluyghenian cyc-picccs or “ oculars ” of low power 
arc generally styled “shallow,” to distinguish them from 
those which give greater amplification, which are called 
“deep” — the terms deep and shallow being applied to the 
degree of curvature possessed by the lenses employed j'n 
their construction, and not to the distance between them, 
as some writers have stated. 

A full-size section of the Pluyghcnian A eye-piece is 
shown in Fig. 25, so that the student may understand the 
details of its construction. 

It consists of two plano-convex lenses, placed at a. dis- 
tance from each other equal to half the sum of their focal 
lengths, the best proportion of relative radii being l to 3. 
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The lower lens is called the field-glass, and the upper 
one the eye-glass, while a circular stop or diaphragm is 
placed nearly midway between the two. 

The practical optician Gundlach has stated that the 
correction afforded by the Iluyghcnian eye-piece is not 
a complete one; for at the point 
where the spherical aberration 
is entirely corrected, the chro- 
matic has not completely disap- 
peared. This even at the most 
favourable interval between the 
two lenses. 

This •eye-piece was first em- 
ployed by lluyghens for his 
telescopes, in order to diminish 
s[)hcrical aberration and to in- 
crease the size of the field. An 
elaborate disserteition upon it has 
been published by Mr. Varley in 
the ‘ Trai\sactions of the Society 
of Arts,’ vol. li., to which the 
student is referred. It is often 
called the negative eye-piece, on account of its correcting 
the positive aberrations of the objective. 

In Fig. 26 is shown a section of a deep eye-piece — tlie 
.Huyghenian C — in which it will be seen that the lenses 
possess deeper curvature than in the A, while the diaphragm 
is more contracted, and the aperture in the cap covering 
the eye-glass is very small indeed ; the C eye-piece gives 
about double the amplification of the A. 

There is another kind of ocular in occasional use, called 
Ramsc^n’s positive eye-piece ; it is* formed of two plano- 
convex lenses, but the curvature of the ficld-gkiss is turned 
towards the eye instead of towards the object, as in the 
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Hayghcnian. In this cyc-piccc the focus is obtained in 
front of the field-glass, while in the Iluyghenian ocular the 
image is formed at the diaphragm, about' midway between 
the field* lens and eye-glass. 

The Ramsden eye-piece was much in use at one time for 
purposes of micrometry, as it gave an excellent view of the 
micrometer, free from distortion even to the edges of the 
field, though the image was slightly coloured. It is still 
used by Messrs. Ross and Co. for their eye-piece micro- 
meters. 



Reiner’s orthosco[)ic cye-j)iece is inucli cm[)loyed where 
a large and flat field is required for use with low powers. 
A section is shown in big. 27, from which the student may 
gather that the field-glass is doubly convex, and the eye- 
glass a slightly under-corrected achromatic combination, 
while the diaphragm is dispensed with altogether. 

In the ordinary or Iluyghcnicin ocular, English opticians 
designate their power by means of letters, A, B, C, D, Ig 
and F, while some few call their productions by the numbers 
T, 2, 3, 4, and 5 ; they seem fairly agreed as to what should 
be the relative degrees of amplification of the A and B 
eye-[)ieccs, a,nd some with the A, B, and C ; but witli 
higher powers there seems no uniformity, as the following 
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tabic will show. The numbers have been calculated from 
the catalogues of the different makers : — 


( )ciilar'.. 

1 A 

r> 

c 

1) 

!■: 

1- 

Ro^s 

J ro 

I *6 

2*5 

4*0 

5*0 

S’o 

1 \)VV(.‘II ami IxMlaiid 

I •()* 


2 ’O* 

4-0' 

() ‘O’ 




10 

1-6 

2*6 

3*2 

5-2 


Swift 

I 0 

i ‘4 

2*0 

2‘8 

4'3 


IkowiiiiiLj 

1*0 

1*3 

20 

3*7 



Watson 

I • 0 

1*4 

2*0 

2*5 

34 

4*3 

(.oouch 

I‘o‘ 

2 • 0* 

3 • 3 '’ 




C'olliiis 

1 0 

1*6 

2-5 

4-0 



Raker 

I'O 

I 6 

3*0 

4*5 



I’lllischor 

10' 

i‘6- 

30^ 

:> ^ 



Rail; os 

10 

»‘5 

2 * 2 




Zoiss 

1 o' 


I 8- 

2-6' 

3 ’ 5 ’ 


llartnack 

. . ‘ 1 • o' 

i 

I * 2 -' 


2 * 3 ' 

3-0' 

3 ■ 5" 

Our American 

brethren treat their 

oculars 

in a 

. more 

rational manner, 

they style 

them 

as 

“ 2-inch, 

0 a j 

-inch,” 

or otherwise, as the case may be, ; 

according to the 

degree 

of amplification 

they yield 

when 

CO mt) a red 

vvitli 

single 


lenses ; thus a '‘ 2 -inch ocular” would ami)lify the same a 5 


a single lens of 2 - inch focus, and so on in like proportion. 

Now reference to Chapter I. will show us that a single 
lens of 2 -inch focus (equal to the ICnglish A eye-piece) 
magnifies about five diameters at a distance of 12^ inches 
from the micrometer to the screen, and the i-inch, 10 
diameters (equal to the C eye-piece), so that it is well 
t^hc student should as early as possible grasp the fact 
that the anq)lification of an object is arrived at by two 
stages, the objective producing an enlarged image of the 
object, which the ocular magnifies still further. Roughly it 
may be stated that if the inch objective be used with 
the I -inch ocular an amplification of 100 ‘diameters 
is ^irrivcd at, the objective magnrfying the object 10 
diameters, the image of which is further magnified 10 
diameters by the ocular ; and further, if the same objective 
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be used with tlie 2-inch ocular (the A eye-piece), the 
former will produce an enlarged image of lO diameters, 
which tlic ocular will again magnify five times, producing a 
total amplification of fifty. 

This is not mathematically exact without every disturb- 
ing clement be taken into consideration, but is cpiitc near 
enough to illustrate the case in practice. Fifty diameters 
is the recognised amplification for the i-inch objective 
combined with the A ocular at a distance of lo inches, and 
as the enlargement of the object takes place in two distinct 
stages, it will be seen that the optician is able to vary the 
powers of both ocular and objective and still obtain the 
standard result. An inch (.so-called) objective magnifying 
8*3 diameters when u.scd with an A eye-piece magnifying 
the image six diameters, will give a normal result, as will 
an objective of the same designation magnifying 12*5 
diameters with an A ocular magnifying four. 

Similar cases to both of these have recently fallen under 
the notice of the author, and it is on account of like depar- 
tures, that abnormal amplifications are obtained when the ob- 
jectives of one maker are used with the oculars of another. 

It often happens with new oculars that particles of brass 
get detached, and fall upon the inner surface of the lenses, 
which must be removed by unscrewing, and then cm'cfullj 
wi2:)ing with a very soft wash-leather. Dust specks and 
bubbles may be easily detected by deflecting a dull light 
through the body of the instrument, when, by observation 
during the rotation of the e}x-piecc, they show very plainly. 
A good eye-piece should be perfectly transparent, and free 
from strim and markings and spots of any kind. The 
marginal circle of the field of vision should be sharp, clear, 
and intensely black. If these conditions are not fulfilled, 
the cyc-picce cannot be considered as perfect, or fit for 
general use. 
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Before proceeding to treat of objectives, the student may 
be advised to commence with the 2-inch ocular (an A). 
If he wishes for iftore than one power, the i-inch ocular 
(C) is recommended, it being double the i)owcr of the A. 
An orthoscopic C would perhaps be useful. 

Objtxt-glasscs or Objectives . — The history of the achro- 
matic objective is a curious one — interesting certainly, but 
it should teach us the serious lesson not to be dogmatic in 
our assertions. Biot and Wollaston, the latter especially, 
were wedded to doublets, and they both predicted, on the 
faith of certain experiments which were then unsuccessful, 
that the compound mici'oscopc would never excel the 
simple. How far this prediction has been verified most of 
our readers will know; but it is certain that Wollaston 
never thought that within fifty years of his prediction the 
doublet would be a thing of the past, rarely heard of and 
never seen. 

Tight seems to liavc dawned upon objective construction 
through the elder IDollond, who employed two different 
kinds of glass in the construction of his telescopes. 
Recognising this principle, several foreign o])ticians made 
partly corrected glasses as early ^is 1824, and at the same 
time Tulley of London produced thcjfirst achromatic objec- 
tive made in England : it was composed of three lenses 
and possessed an air angle of iS\ which he soon after 
increased to 38'^ by placing another corrected combination 
in front of it. 

In the year 1829, Mr. Joseph Jackson Li.stcr, in his cele- 
brated paper published in the ‘ Philosophical Transactions 
of the Royal Society,' pointed out how many of the diffi- 
culties could be overcome, and exhibited an objective 
of 50^^ air angle which gave a large field and a correct 
inrage. This advance was so great that it . astonished 
Dr. Goring, who wrote, in his 'Exordium to Microscopic 
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Illiistnitions,’ that iiiicroscopcs arc now placed coinplctel}' 
on a level with telescopes and, like them, must remain 
stationary in their construction.” 

Improvements, however, continued to be effected ; Mr. 
I'homas Ross, upon increasing the air angle, discovered 
that different thicknesses of covering glass disturbed the 
corrections for s])herical and chromatic aberrations no 
matter how carefully made, and in 1837 lie presented a 
paper to the Society of Arts upon the subject. In this 
paper he stated having made an improved combination, the 
focal length being one-eighth of an inch, with an air angle 
of 60 \ After this he announced obtaining an air angle 
1 35 ) falling into a similar error of dogmatism as 

Goring, Wollaston, and Hiot, stated that “ 135” is the largest 
angular pencil that can be passed through a microscope 
object-glass.” 

In 1851, Chas. A. Spencer, of Canastota, N.Y., pro- 
duced objectives of 146"^ air angle, and in 1857 he con- 
structed a one-twelfth with an angle of 178^. Since this, 
Mr. Tolies, of Roston, has made lenses claiming to be 
infinitely near 180°, and this angle in air has been 
approached by several of the best 1 English makers. 

But these are not the wdiole of the improvements w'hich 
have been effected ; air lenses or dry objectives have been 
su})plemcnted by water-immersion powers, and finally w^e 
have the homogeneous-immersion system, in wfiiich the trans- 
mitted ray pursues a rectilinear course from the under side 
of the object slide until it leaves the posterior surface of the 
front lens. These immersion lenses will be fully described 
later on ; all w'c wish to state here in reference to them may 
be said in the w’ords of Prof. Abbe : “ A wide angle immer- 
sion glass may therefore utilise rays from an object in a 
denser rncdumi which arc entirely lost for the image — which 
in fact do not exist — w’hen the same object is in air, or is 
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observed through a fiini of air and again, “ Consequcnll)' 
we have a loss of aperture when an air angle of iSo"" is 
substituted for a l^dsam-anglc of ioo°,” for “ an immersion 
objective of balsam angle exceeding twice the critical angle 
(41') has a greater aperture than any dry lens can ever 
have.” It was upon this subject that Mr. Wenham fell into 
error and so may be classed with Ross, Goring, Wollaston, 
and lV\ot. He denied that Tolies had produced, or could 
ever produce an objective of greater balsam angle than was 
equivalent to infinitely near liSo"" measured in air; and those 
who remember the correspondence on this subject wliich 
appeared in the pages of the ‘ Monthly Microscot)ical 
Journal,’ will now smile when they see the announcements 
in the ‘Journal of the Royal Microscopical Society’ of the 
productions of Messrs. Powell and Lealand of 150^^ balsam 
angle. 'Fhat memorable correspondence shoidd teach us 
t(^ remember how easy it is to fall into error, and also that 
it is (piitc easy to i:)ersiiadc ourselves we are well acquainted 
with our subject, while at the same time we may totall}' 
misunderstand it. 

( )l)jectives — which, by-thc-by, are sometimes called 
“powers” — being made from glass of varying density and 
also of varying refractive indices, it follows that they must 
differ also in construction in some degree. The various 
lenses of which each combination is constructed arc ground 
to a series of curves, suitable to the glass employed, and 
the combinations are placed at different distances apart, so 
that we can only give a rough outline of their general 
construction. 

As a rule, objective mounts are turned out much too 
long. There is no apparent reason why the brasswork 
(of some opticians especially) slu/uld not be consider- 
ably reduced. When the posterior lens is too far away 
from the Wenham prism, in a binocular instrument, it is 
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extremely difficult to procure an equal illuniiiiation of the 
whole field — in fact, the ^qencral performance of the instru- 
ment is seriously interfered with, and therefore, for use 
with the binocular, short mounts should be preferred and 
the lonqer ones rejected. 

Mr. Swift has recently issued a series of objectives in 
short mounts, especially for use with the Wenham binocular, 
each of which allows of perfect illumination, without the 
aid of an achromatic condenser. They ranqe from i inch 
upwards. 

(3bjectives are generally spoken of in terms of the ampli- 
fication which they yield, the standard of comparison being 
the magnification given by a single lens of the nominal focus. 
The student must not, therefore, imagine that an objective 
stated to be i-inch, i-inch, or so on, will focus at these 
distances from the object Opticians have nev^er used the 
term in that sense, though a few writers in public journals 
seem to have understood the nomenclature in that light. 

The true method of easily ascertaining the eiiuivalent 
focal length of objectives may be found on page 57, and if 
the student will go through the operation of measurement 
he will find it good practice and probably discover that 
most modern hhiglish objectives arc considerably overrated. 

The lower powers are often made to separate. An 
objective giving the amplification of a 2-inch when com- 
j)lete, is converted into a 4-inch by removing the anterior 
combination. Separating 2-inch and i-inch, i-inch and 
^-inch, ^-inch and j-iiich, are also made, with others ; but the 
student is advised not to invest much in these separating 
[)(nvers. 

The best low-power objectives for general work will be 
found to possess the following »air angles : — 9° for the 
4-inch, I s'’. for the 2 -inch, while the l-inch seems to per- 
form most satisfictorily at 30'’. 
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No objective with an air angle of more than 40"" should 
be used with the Wenham binocular. Dr. Carpenter 
pointed out long ago the exaggerated effect of projection . 
produced when pollen-grains of the Malvaccce and other 
similar objects are examined binocularly with high-angle 
objectives ; perfectly spherical objects, instead of resembling 
a hemisphere, appearing like the small end of an egg. 

Powers yielding amplifications rainging between 50 and 
200 diameters may be called medium, and are represented 
in our list by the ^-inch and :’f-inch objectives. The former 
is a very handy glass, though it does not seem to be an 
easy one to construct, judging from many the author has 
seen. Makers of cheap but really good r-inch and ^[-inch 
powers seem to fail sometimes in producing cheap and 
[perfect .^-inch objectives. 

i\ good working ^-inch may have an aperture of 60'^, 
though it is made of 35'^ by Mr. Browning, and 40"^ by 
Messrs. Powell and Lealand and Mr. Collins, for special 
use with the binocular. 

The medium and higher powers should be chosen with 
conical front.s, as .shown in Fig. 30, for with them it is 
more easy to illuminate opaque objects satisfactorily. The 
illustration is that of Mr. Swift’s .short mounted :[-inch 
objective, with collar adjustment. 

Zentmayer, Wray, and Zeiss have produced low power 
objectives in which the two combinations composing them 
ziiV separated or brought nearer to each other by means 
of a screw collar, the lens being nominally ii 4-inch, a 2-inch, 
or any intermediate power at will. This glass defines well, 
and, moreover, possesses a fleit field ; but, according to 
measurement, the amplification it yields more nearly 
approaches a S-inch and 3-inch than, an Phiglish 4-inch 
and^ 2-inch. 

For several years cheap foreign lenses were in great 
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request, and mucli work has been done with them. This 
has induced several English makers to offer a series of low- 
angle objectives at a cheap rate, in addition to the really 
good glasses which the same opticians turn out. Browning, 
Wray, Watson, Swift, Dancer, Collins, and Tarkes sell 
very excellent and cheap lenses for histological work. 

It sometimes happens that very good powers may be 
met with second-hand, or from the workshops of neglected 
makers ; but the selection of a good glass from several of 
average quality, though it can be done by an optician, or a 
microscopist who has mastered the elements of science, is 
not a very easy task, and one which certainly cannot be 
performed by a novice on his first purchase of an instru- 
ment. 

Be very careful in purchasing objectives. Don’t buy 
trash, or any objective simply because it is cheap. Wait 
until you can meet with a really good glass at the price 
you are disposed to give, or be satisfied with the powers 
you already possess. 

For botanical and gener^il work, especially if the student’s 
neans arc limited, the inch and ]-inch objectives will 
DC found • sufficient ; the 2-inch, and afterwards the -^-inch, 
may be added, if required ; following, if necessary, with 
the J-inch and ^\.-inch. A 4-inch power is used by some 
for the examination of wood sections, whole insK:cts, etc. 
A cabinet will generally contain the following objectives by 
the time the owner considers it furnished : — 4, 2, i, 

If ■\\,f which yield degrees of amplification varying from 
12 to 800 diameters with the A eye-piece, and 24 to 1600 
with the C. 

The low powers arc constructed in several ways, ac- 
cording to the aperture desired. Those of greater ampli- 
fication than the i-inch are made either as trii:)lets or of 
two pairs of lenses placed at certain distances apart, as all 
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the corrections required are easily made on this system. 
The triplet, used only for low angles, is the least to be 
commended, and should not be used with deep eye-pieces. 
Tile I -inch objective may be a triplet, 
as shown in Fig. 28, or a double combi- 
nation, as in Fig. 29. 

In the latter the front is a plano-con- 
vex of crown, with a meniscus of flint, 
being separated by a considerable inter- 
val from the posterior combination, which 
is composed of two double convex crown 
lenses, holding between them a double 
concave of flint. 

It will be seen from Figs. 28 and 29 
that there is more work in the construction of the higher 
angle. The cost is consequently greater ; but when we 
remember that the i-inch of 25*^ admits more light than the 
one of iG"", that it defines better, rc.solvcs 



Fig. 28. 


better, and proves to be a much superior 
working glass in every respect, the 
extra money will not perhaps be grudged 
for it. 

Half- inch objectives are made on two 
systems : the low angles for binocular 
use of a thick solid front, at the back 
of which are two pairs of partly cor- 
rected lenses, the aberrations being 
finally corrected by the thickness of the 
front. The higher angles are constructed 
of three pairs of lense.s, the posterior 



Fig. 29. 


combination being of considerable width. They are made 


of as high an aperture as 0*66 or 82''*air angle, whUe the 
Toths of loo'' air angle, or numerical aperture 0*76, is far 


from uncommon. 


• K 2 
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The ;|-iiich objective, yielding' a power of 200 diameters 
with the A cyc-piccc, is a most useful glass to the student, 
when possessing an air angle of aboftt 85"^. It is con- 
structed of a triple back lens, a double 
middle, and a single front. Messrs. Ross’s 
system is believed to differ from this, inas- 
much as their objectives, from the ^-inch 
upwards, are supposed to be constructed on 
Mr. Wenham’s new formula, in which the 
flint concave of a triple middle is made to 
correct the aberrations of the anterior and 
[)(\sterior crown lenses. An enlarged section of this formula 
is shown in h'ig. 31. 

Ouarter-inch objectives may be obtained of as high an 
air angle as 140"^, very good for the experienced micro- 
scopist but of limited use to the 
student, as such glasses focus very 
close to the object. 

All objectives possessing a 
numerical aperture of more than 
0*42 (so"") should be furnished with 
a screw collar to adjust the lenses 
for varying thicknesses of covering 
glass, and this is specially needed 
on Mr. Wenham’s new formula. It is often a very tedious 
o[)crati<m to find the exact adjustment requisite ; but it may 
be approximately performed in the following manner : — 

Set the collar at zero, and focus the glass upon tlic 
object; next turn the collar until the dust upon the cover- 
glass is in focus, when an approximate correction will have 
been applied ; if the ol^server again focusses by means of 
the fnc adjustment, the object will be found more sharply 
detincd than before. This may only be considered a rough 
method. The best way is to work at scune well-known 
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object, under varying positions of the screw collar, such as 
Fleur osigma augulatum or the Podura scale, until the best 
definition has bcei:!* arrived at. 

Under the denomination of high powers may be classed 
all those yielding greater amplification than the :^-inch. 
They have become very common during the last few years, 
nearly every maker of objectives issuing an eighth,'' and an 
immersion or 

It appears probable that most of the high powers now 
made are constructed upon a formula similar to that last 
described by Mr. Wenham, and illustrated in Fig. 31 
(though this is denied by some makers), as he states most 
distinctly that the formula is successful with all powers 
requiring adjustment for cover-glasses, “ from the -l-inch 
upwards." 

Eighths and higher powers used to be specialities of the 
first-class makers for which very high prices were charged ; 
but now, for a student’s general work, very good eighths 
may be purchased for 50^*., of an aperture of 0*82 (110°) 
and good working distance. 

As to magnifying power, the annexed list has been ex- 
tracted from the catalogue of Messrs. Powell and Lealand, 
and will serve to .show what degree of amplification is 
yielded by the various objectives, in combination with 
different oculars, at the recognised distance of 10 inches. 


Objectives. 

A. 

B. 

c. 

D. 

E. 

inch. 

4 

12 

18 

25 

50 

75 

2 

25 

37 

50 

100 

150 

I 

50 

74 

100 

200 

300 

1 

100 

148 

200 

400 

600 


200 

296 

! 400 

800 

I , 200 . 

1 

400 

592 

800 1 

i I ,600 

2,400 

1 

T 7 J 

800 i 

1,184 

1 1,600 

% 3 , 200 

4,800 , 

1 

‘2 r. 

1,250 ! 

1 1.850 

1 2,500 

5,000 

7 ,t;oo ; 

7 V«T 

2,500 , 

3.700 j 

! 5,000 

10,000 

15,000 
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It may be useful also to add a list of the magnifying 
l)ower of the oculars and objectives of Ilartnack (now 
Trazmowski) and of Zeiss. They arc u=ed in this country 
to some extent, and the users always have the foible 
of omitting the number of diameters to which the object 
has been magnified, adding, however, the numbers of both 
ocuhir and objective, to which the student generally has no 
reference. It should not be forgotten that the amplifying 
powers of tlic foreign objectives arc calculated for a tube 
of 153 millimetres (6 inches) in length, and most of these 
objectives lose in their performance if employed in the 
ordinary English length of tube. 

Prazmow.ski (Ilartnack) gives the following values for his 
oculars and objectives ; — 


( )l»icc- 



(.)culars. 



luiiiivalcut 
Focus ill 

lives. 1 

1 

2 

3 ' 

4 

5 1 

6 

Inclics. 

I 

*5 

20 

25 : 




i 2 

2 ' 

25 

.30 

45 • 




1 

3 

5 « 

60 

So . 

120 



¥ 

4 ^ 

oo 

70 

90 , 

140 




5 . 

TOO 

125 

160 ; 

240 



i 1 

4 

1 

150 

I So 

240 ! 

350 



\ 

7 ! 
S i 

200 

240 

300 

450 

600 1 

700 


2 SO , 

300 

400 

600 

800 1 

1000 


1 

350 , 

400 

550 

860 

1 100 ! 

1400 

1 

^ 1 




Immersion 

Ohjectivks with Correction. 


9 ' 

410 

' 480 1 

630 

950 

1300 1 

i 1500 , 

\ 

10 

520 

600 

750 

1100 

1500 1 

1800 ! 

“nT 

*3 

S20 

950 

1170 

1700 

2370 

3100 

_ \ 

>5 i 

1040 

1200 

1500 

2200 

3000 

3600 I 


iS ! 

1560 

1 1 800 

2250 

3300 

1 4500 

5400 

i 

ri 0 


Zeiss, whose objectives have been much in request during 
the past year or more, is noted for great working distance ; 
his angles are low and he designates his objectives by 
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letters, but gives also the equivalent focal lengths in inches 
and millimetres ; they are as follow : — 


Mark. 


\ K 

i^\ '■ 
Im 


Equivalent 
Focal Length. 


aa 

A 

A A 
li 

liB 

C 

CC 

I) 

\)D 

E 

E 

(r 

Tl 

J 


I 


Angular 


Oculars. 


min. 

25 

15 

15 

10 

10 

6*5 

6-5 

4*2 

4-2 

2-8 

1-8 

3*0 

2*3 

1*7 

1*3 

I 'O 

0*75 


Do. 


do. 


Aperture. ^ 

2 

3 

4 

5 

24 

20 

27 

1 36 

52 

70 

24 \ 
36/ 

40 

55 

75 

105 i 

140 

40) 

60/ 

70 

100 

! ^35 

180 

240 

50 1 

90/ 

1 10 

145 

j 195 

260 

370 

75 

105 j 

: *75 

235 

i 320 

440 i 

600 

no 

260 

350 

480 

660 

900 

no 

410 

550 

1 75 ^ 

1020 

1390 

1 . 

i 250 

340 

i 450 

620 

840 

1 ^ 

320 

440 

590 

800 i 

1 100 

1 s 

0 B 

1 440 

590 

800 

1090 

1500 

1 590 

790 

! 1060 

1450 1 

1980 

So 

1 ^ 

I 7(>o 

i 1030 

! ^ 3^0 

1 890 

2580 


1 1010 

. . J 

1360 

! ii^40 

i 

2520 j 

3450 

irs, mm. 1 48 

42 

1 

! 30 

24 

18 

es 

1 1-88 

1-64 

; 118 

i 

*94 

•70 


In the foregoing remarks it will be observed that 
moderate eingles have been advocated for students' use ; 
but it must by no means be inferred that moderate angles 
are the best. The higher the numerical aperture of an 
objective, the nearer does the front lens approach the 
ol^’cct when in focus, and this has been urged as an 
objection against the use of large apertures. There is 
some force in this objection — in dissecting, for instance, 
it is absolutely necessary to have room underneath the 
objective for the use of the various knives, needles, scissors, 
and other instruments, which one cannot get with large 
apertures ; but when the object has been prepared there 
is no valid reason why the best lenses should not be used 
for its examination. 
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Much has been said relative to the aperture of objec- 
tives ; tliereforc it may be of interest to the student to 
know how the measurement of this^ angle may be set 
about. 

J)r. G. Jhackham, in his paper already qLK)ted, gives a 
method suitable for most objectives, a plan which can easily 
be carried out with one of the stands fitted with a swinging 
substage. A plano-convex lens is employed, of such thick- 
ness that when the plane side is connected with the under 
surface of the object-slide with softened balsam, the thick- 
ness of slide, balsam, and lens shall equal the radius of 
curvature. This lens is connected by balsam to the under 
side of the slide containing a balsam-mounted object. 
Dr. lllackham’s lens is of crown glass, with a thickness 
of O’ 33 inch, and a radius of curvature of 0*45 inch. 

Tlie swinging substage bar is made to carry a small 
candlestick, in which is placed a candle, so that when the 
body of the microscope is horizontal, the light can be swung 
round the object as a centre until either the image of the 
object is imperfect or the centre of the field darkened. 

In ])ractice, the object (with the plano-convex lens 
attached to the under surface of the slide) is laid upon the 
stage and exactly focussed, the best definition being 
obtained by use of the collar adjustment. If now the 
angle that the most oblique ray makes with the optic axis 
be measured, the angle of deviation in glass is obtained, 
from which the niiNicrical aperture can be obtained by 
sim])le inspection from the table given in Chapter V., and 
the air or water angle quite as readily estimated. 

The foregoing method answers well for medium or low 
powers, and with care and skill for some of the higher ones, 
but for all objectives of greater amplification than the 
■)» -inch, the use ot I'rotessor Abbe’s apertometer is advised 
lor this pur[)ose. It is easy’ to use and exceedingly accu- 
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rate, the method is described in Chapter IX., where also 
may be found a table of natural sines, to aid the student in 
his measurements. * 

The exact equivalent focal length of objectives may be 
easily arrived at by means of a hnanula described at some 
length by Mr. C. F. Cross in the ‘Monthly Microscopical 
Journal,’ and on this account it is generally called Cross’s 
formula. 

The author prefers to make the measurements by means 
of the photomicrographic camera shown at Fig. 192. For 
this purpose a micrometer ruled to iJoths and ioV)oths is 
placed upon the stage of the microscope, and an image of 
the lines projected upon the ground-glass screen, where it 
is eiccurately measured, and from this the number of 
diameters to which the micrometer has been magnified can 
easily be determined. If now this amplification be indi- 
cated by //, and the distance between the micrometer and 
screen by /, the equivalent focus /'of the lens may easily be 
calculated by the formula : — 

// / _ 

^ - (n f iT-’ 

It is well to take I as a long distance, say about 30 to 50 
inches, as then slight errors of measurement arc not of 
extreme importance. In three measurements of a reputed 
half-inch objective the following numbers were obtained : — 




« / 

n 

/ 

(,i -f-Tf 

78 .. 

.. 32-5 .. 

. . ' 406 

10 

.. 45'5 •• 

• 406 

54 .. 

22*8 

•4(^7 


showing that accurate results may be obtained with only an 
ordinary amount of care. 
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1Iavin(; made the reader familiar with the compound 
micro.scopc, its eye-pieces and objectives, we must now 



consider those appliances which conduce 
to cxxellence in microscopical examina- 
tions, or which render the work more 
easy and more quickly performed. It 
must not be imagined, however, tJiat the 
possession of all the following accessories 
is imperative for microscopical studies ; 
far from it, as precisely the same effect 
as that produced by the most costly ac- 
cessory can often be obtained (with more 
trouble) by very simple and inexpensive 
means. 

In the first place, we may consider the 
draw-tube, which is shown in Fig. 32. It 
is supplied of considerable length to most 
monocular microscopes, being cut down in 
many binoculars. 

Into this draw-tube the eye-pieces 
should be fitted, and the former then 
becomes a means of increasing the ampli- 
fying power of the combination. By 
simply drawing out the tube the object is 
thre-wn out of focus, and the objective has 


to be carried nearer the object. This wonderfully alte«rs 
the relative distances of eye-piece and objective from 
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the object (conjugate foci), and the result is a considerable 
increase in amplification. It must not be forgotten, how- 
ever, that a limit >yill soon be found to this method of 
increasing the magnifying power. The longer the tube, the 
more of the periphery of the field will be cut off ; and 
furtlier, the aberrations, which have been fairly corrected 
for a moderate or short tube, may no longer obtain cor- 
rection when the body of the microscope is unduly 
lengthened. 

Some of these tubes arc plain, while others arc divided 
into inches and parts, so that results once obtained can be 
recorded, if necessary. 

There arc many uses for the draw-tube, which the 
student will be sure to find out for himself, and he will find 
that if it is graduated, as shown in the figure, his work will 
often be rendered much more easy. Some of 
its uses will be found described under the 
subjects of Dissecting and Micrometry. 

Into the lower end of the draw-tube the erector 
(Fig. 33) is made to screw. It consists of a tube 
about 3 inches long, having a meniscus (concavo- 
convex) at one end and a plano-convex at the 
other, a diaphragm being placed about midway 
between them. The convex side of each lens is 
turned towards the eye-piece, this combination 
producing a second inversion of the image, so 
tliat it is seen in its natural po.sition. This is of great use 
to the tyro dissector, as he has then but little difficulty in 
the use of his dissecting instruments; but if any one 
who has learned to dissect without it should attempt to 
use the erector, he will find it is cjuite as hard to unlearn as 
to learn. 

The erector, when screwed into the lower end -of the 
draw-tube, enables the observer to employ a greater range 
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of ina.!:>*niTyini^ power without changiipe^ the objective, and 
tills is especially useful in either dissecting or photography 
by means of the microscope. 

The fie ld of view is also much increased, so that a very 
large object can be included when using the half-inch objec- 
tive, and by pulling out the draw-tube (containing the 
erector, of course) a very considerable increase in amplifi- 
cation is obtained ; thus, in the author’s dissecting micro- 
scope, when the erector is placed as near to the objective 
as possible, the magnification obtained scarcely exceeds 
8 diameters, while when the draw-tube is pulled fully out 
the amplification is incre<ascd to 130 diameters. It should 
be understood that the defining power of a microscope is 
not increased !))■ the addition of an erector. 

The double nose-piece next claims our attention, and was 
devised by Mr. llrooke for the purpose of quickly changing 



the objectives without the trouble of unscrewing and screw- 
ing up again each time. This accessory is made in several 
forms, but that shown in Fig. 34 is specially recommended, 
the straight pattern being sometimes inconvenient, owing to 
the one objective touching the stage before tlie other re- 
quired for use is in focus. It is a very useful addition to the 
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microscope, and should be purchased by all who can afford 
it, when much work has to be done ; but on no account 
should the bcginnc^4 purchase one of those made to hold 
three or four objectives — they arc too heavy, and often 
nullify completely the action of the fine adjustment. 

Some years ai>*o Mr. Swift introduced a centering nose- 
piece, which is shown in Fig. 35. In this accessory the 
objective can be accurately centred after it has been 
screwed into the nose-piece, which latter screws into the 
lower end of the 
body of the micro- 
scope. The center- 
ing screws arc similar 
to and act in the 
same manner as those 
connected with the 
usual substage. Cen- 
tering no.se-picces are 
not very common ; 
the author has seen 
but one in use, and 
that with high powers 
only. 

The student will 
find the bull’s-eye 
condenser (Fig. 36), 
or stand condenser, 
as it is sometimes 
called, a necessary ad- 
junct, an instrument 

3 ^- 

which may be used 

in a variety of ways ; but its proper use, and the methods of 
illu hi illation generally, can only be completely understood 
by consulting a few diagrams of mirrors and lenses which 
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s1k)\v their action upon various rays of light. An illustration 
of the bulTs-cyc condenser is given at Fig. 36, from which 
it may be understood that it is really a'plano-convcx lens of 
crown glass, but mounted in various ways, and the student 
should remember, on purchasing one, to select such a form 
as may be turned and twisted in every desirable direction. 

There are many uses for the bull’s-eye condenser. It is 
an indispensable instrument for the illumination of opaque 
objects ; with it the microscopist is enabled to throw 
[)arallel rays on to his mirror from the lamp ; he may use 
it as a s[)ot lens by fixing a small disc of dead-black paper 
on tlic flat surface of the lens, and as an Amici prism for 
the resoluti<m of diatoms, Nobert’s test lines, &c. 

A smaller condenser, generally called a ‘^condensing 
lens” or “stage condenser” is supplied with some micro- 
scope.s, but its use is very limited, and the student is 
advised to purchase only the independent stand condenser. 
With the higher powers a more intense illumination can be 
obtainetl by a combination of two condensers, the correct 
method of using which may be made out by inspection of 
the diagrams in the next chapter. 

y\s to quantity of light, we have always found that 
students have too much of it, and therefore it may be as 
well to consider the diaphragm next. The diaphragm is 
a thin plate of metal perforated with holes of various 
shapes and sizes, and is igscd in order to cut off the super- 
(luous ra\'s from an object, or leading to an object, under 
cxaminatimi. At one time they used to be placed at 
considerable distances beneath the object, but the practice 
nowadays is to put them immediately beneath the slide, 
which doubtless is their proper place. 

Tile ordinary form is shown at Fig. 37, and is called a 
wheel of diaphragms ; it is usually supplied to all student’s 
and third-class instrument.s. 
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It is made of many degrees of excellence, and therefore 
every cheap instrument purchased should be specially 
examined with a liMv power (3 or 4-inch objective), to see 



Fig. 37. 


whctlicr the apertures arc concentric with the axis of the 
instrument. Every part of the diaphragm should be well 
blackened, in order to prevent the presence of reflected 
light, which would interfere with the illumination. 

Collin’s graduating diaphragm, illustrated by Fig. 38, 
was the first of its kind. It consists of several movable 
shutters, acted upon by a lever, so that the whole of them 



Fig. 38. 


may be moved inwards' or outwards simultaneously. The 
opening thus produced is not circular, but this is of little 
importance in actual working. 

The graduating or '‘iris” diaphragm of Messrs. Beck is 
illustrated in Fig. 39. It differs from, that of Mr. Collins 
only'in the number of the shutters, which thereby produce 
a nearly circular aperture. Mr. George Wale, of New 
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Yf)il<, .supi)lics a new form of iris diaphragm to all his 
“ workiii^c^ ” microscopes. 

Tt is now universally appreciated thaVhc diaphragm must 
be placed immediately beneath the object, in order to get 
the best results. Tliis has been attained by the “calotte” 

diapliragms now made by 
Messrs. Zeiss, Swift, and 
others. This form is 
placed ovo' the achro- 
matic condenser, on a 
level with the stage, as 
shown in Fig. 40 ; but the 
simplest way to effect 
this is by using a thin 
plate of aluminium 3-inch 
by i-inch, with the desired 
aperture pierced in its 
i-'ic. 40. centre, and furni.shed 

with two spring clips, so 
that the slide may be placed upon it in any required posi- 
tion, such as has been used by the author for the ])ast 
seven years. 

There is another method of excluding the excess of 
extraneous light, used by the author since 1873 with very 
good results — viz. that of slipping over the objective a 
small perlorated cardboard and aluminium nozzle, black- 
ened inside, the central hole in the front being just a 
trifle less than suffices to admit the rays passing from the 
field of visitui. 

For many purposes it is necessary to concentrate the 
light to a greater extent than can be done with a mirror 
alone, and in suclv instances an achromatic condenser is 
usual iy employed. This may be improvised from , an 
iHlinary objective made to .screw into an adapter below 
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the staj^'c, a i-iiich (.)r objective of wide angle 

forming a very useful condenser. 

A substage condefnser consisting of a plano-convex lens 
of '^-inch focal length was used by Wollaston h)r illu- 
minating the object upon the stage ; this was im[)r()ved by 
Goring, but still did not satisfy the requirements of micro- 
scopists In 1840 the achromatic condenser was introduced, 
and for many years afterwards continued to be made as a 
low-angle objective, adapted in various ways to the stage 
or substage. Whether 
achromatic light for 
illuminating purposes 
is absolutely necessary 
is a cpiestion we cannot 
discuss here. 

Messrs, l^eck, Ross, 
and Powell and I^ea- «« 
land, together with 
other mak(‘rs, hav'e jn'o- 
duced at various in- 
tervals modifications 
ol the achromatic con- 
denser ; but a departure from the usual custom was made in 
i»SC5 by Mr. Welxster, who communicated a drawing of his 
instrument to the pages of ‘Science-Gossip/ and' which 
may be seen in l^'ig. 41. The diai)hragm with which it was 
hii nished may be seen in hdg. 42. 

Mr. Collins’s “ Webster condenser is shown in h'ig. 43, 
and is a form extremely well-liked by all practical micro- 
"’Copists ; it is made so that the diaphragm may be carried 
quite close to the lens, and this can be further iirqjroved, 
when dark-ground illumination is reqinred, by placing a 
eircular piece of black paper on the lens itself. It can be 
used with ease in combination with the [)olariscope. 
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The use of the condenser may be demonstrated in 
various ways, but when employed in connection with the 
diaphra^mi, one of its uses may be sho^\m by taking a slide 





Fuj. 42. 


of l\ and usin^* the condenser with a small 

central aperture. In this way it will be found very difficult 
indeed to resolve the markini^s properly, but if the central 

li^^ht be stopped out, so as 
to utilise the oblique rays 
only, the same effect will be 
produced as by swinging 
the mirror round to the 
side and getting obliquity 
in that way. 

In using the achromatic 
condenser, great care must 
be taken to insure the co- 
incidence of the v)ptic axis with that of the microscope, 
by manipulation of the two adjusting screws. This is 
most easily accomplished by the use of the centering 
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l^lass, made and sold by most opticians. The complete 
condenser of Messrs. Swift and Son is a very ingenious 
piece of apparatus ; it is made to supply the place of a 
siibstage with all the ordinary compound substage ap- 
])aratus. It comprises an achromatic condenser with an 
aperture of 140"", a spot lens, a contracting diaphreigm, 
a revolving diaphragm and set of stops, polarising prism, 
together with revolving mica and selenite films. The 
polariscope is mounted on an eccentric arm, so that it can 
be thrown in and out of use instantly, which is an important 
feature, for it may be presumed that the polariscope would 
be much oftener employed if it could be put in and out of 
action as easily as shown in Fig, 44. 



Fig. 44. 


In the microscope itself Mr. Swift now inserts the 
analysing prism of the polariscope in a brass box over 
the Wenham prism, thus facilitating its use, as there is no 
unscrewing of parts to fix the analyser in position. 

Rcade’s double hemispherical condenser consists of a 

F 2 
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plan()-C(;iivex lens about inches in diameter, its flat side 
hein^^^ placed next to the object, and surmounted by a 
smaller lens of the same form (liemispherical). A very 
nbli({uc illumination is possible with this condenser, and as 
made by Messrs. Ross and Co. it is shown in Fic^. 45. 

Several makers are now prodneine^ oil-immersion con- 
densers, in which the under side of the slide is connected 
with the condensin'.^ lens by means of a film of castew oil, 
(*il of cedar wood, or ^K'cerine. 'Chat made by Messrs. 



Fic.. 45. I’ le. 46. 


1’owc‘ll and Lealand is shown in k'io. 46. Tt is not acliro- 
matic, but is able to utilise rays of 130' balsam ani^k-. 
beneath the lens are fitted diaphraj^ins of [)eculiar pattern, 
and by its use the most diflicult test objects may be re- 
solved with the mirror in the optic axis of the microscope'. 

INIessrs. Watson and Sons of Jlolborn inodnce an oil- 
immersion condenser, in which the lens is mounted on a 
plate of ebonite ; the object slide beinj^ placed above it, 
the latter is held in position b}' a pair of clips, and is then 
lead)' hir exaininatimi. 

d'he swin^j^iiiL; subslaLies of Messrs. Ross and Heck are 
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useful for obtaining- very oblique rays of light with the 
help of the condenser. This has been accomplished in 
another way by ]llessrs. Swift and Son, in their radial 
traversing substage illuminator. While regretting that 
this firm could not have found a shorter title for this acces- 
sory, we must say it seems more generally applicable than 
most other modes of producing oblictuity of light. It is 
show'll in l"ig. 47. 



This ap[)aratus has been constructed for the purpose* of 
increasing the resolving property of high-power objectives 
l^)y causing still more oblique pencils to iin})inge iqion the 
object than can be obtained by most methods. The 
arrangement consists first of an arc-piece, fixed below the 
stage, radial to an imaginary line drawn tlirough the axis 
of the microscope objective, in the same plane with the 
object. On this an achromatic condenser of special con- 
struction is made to travel, thus keepuig the rays of light 
on* the object during its entire trav^ersing. These rays con- 
verge and terminate in a focus through the front lens, in a 
liighly concentrated form. The condenser is illuminated 
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by a rcctani^ular prism, for condensing light into the achro- 
matic ccjmbination. Tlic next part consists of a second 
arc- piece placed at right angles to the former one ; this 
also carries a similar achromatic condenser and illumi- 
nating prism, wliich move radial to the centre. ]5oth these 
arc-pieces are so divided that each pencil of light can be 
projected at a similar angle, and previous results can 
always be recorded in the same way. Difficult test objects 
arc readily resolved, especially such diatoms as have rect- 
angular stri.e or markings. With a |-inch objective, the 
diatom Niwicuhi rhoinbouics is easily resolved into squares. 
'I'lic markings on 1\ aup;n latum by the same means arc 
made to stand out in bold relief like half spheres. Those 
usually considered easily resolvable only rcapiirc one pencil 
of light to show the markings. When this is the case, the 



F IG. 4.S. 


rectangular arc-piece with all its illuminating apparatus can 
be turned away from the microscope stage as shown in 
I'ig. 4.S. The same illustration shows how 0[)aquc objects 
luay be illuminated, viz. by moving the condenser of the 
tirst arc-piece abov'C the stage of the microscope, when a 
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pencil of light can be projected on to the object more perpen- 
dicularly than with the bull’s-eye condenser, thus preventing 
sliadows in coarse d» deep objects which often produce dis- 
tortion and false appearances. When the apparatus is 
used for opaciue objects with a lower power than the i-inch 
()l:)jcctivc, the achroniatic combination can be removed and 
the light directed from the prism, which can be made to 
give convergent rays sufficient for use with a 4-inch 
(.)bjcctive. 

Wenham’s reflex illuminator is valuable for use with 
high powers ; but it possesses the disadvantage that all 
objects for use with it 
must either be selected 
or specially mounted. It 
has been described by the 
designer at some length in 
the seventh volume of the 
‘ Monthly "Microscopical 
Journal,’ p. 237, in which 
he states that by its use 
the markings on . 1 . pcl- 
hicida were ])rought out 
by an eiglith objective, 
whicli had never shown them before. iMg. 49 gives a 
sectional diagram of the illuminator, which lias been 
manipulated from Mr. Wenham’s sketch. In using this 
accessory, the glass cylinder is brought up level with the 
stage, the centre of rotation is set truly by a dot on the 
fitting, as seen with a low penver. A dr()[) of water is now 
placed on the top of the cylinder, upon which the slide is 
laid. Whth objectives of very wide aperture the reflex 
illuminator yields beautilul resolutifiii.t of balsam-mounted 
objects, the field itself being brilliantly lighted uj). I he 
jdane mirror or direct light from a low lam[) on the table 
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yields tlic finest effect upon anyo])ject, and by sirnidc rota- 
tion of the illuminator, an exquisite unfolding of structure 
lakes j)lace. Objects on the slide ar. f brilliantly illumi- 
nated, while those on the cover are nearly invisible. 

Another illuminator has been devised by Mr. Wenham, 
and is shown in Vv^. 50. It looks very much like the 
half of a broken button, which, never- 
theless, collects and concentrates a sur- 
prisinq; amount of liqiit. It consists of 
a semicircular disc of ^lass J inch in 
radius, the cclqe beinq well rounded and polished to a 
transverse radius of inch. This may be obtained from 
Messrs. Ross and Co. and Messrs Baker. 

We have heard from several microscopi.sts that they 
have been unable to use this illuminator successfully, and 
it has qciierally been the case where it has been mounted 
f(U' use in the substaq^e. The best [)lan is to purchase the 
article unmounted, and to make it adhere, for use, to the 
underside of the slide, with a little q^lycerine and gum. 
This illuminator does not require the addition of any 
condensing^ lens, the necessary obliquity of light being 
readily obtained by swinging the mirror to the side. 
Mr. Wenham, in writing to the ‘ J^iglish Mechanic,’ says 

that while he was never success- 
ful in the patient manipulation 
reijuired to bring out the striae 
of Aniphiplcura peilueiduy yet 
with the new illuminator he 
succeeded at once, and on every 
subsequent occasion. 

The Amici prism ranks next. 
It is made to exhibit one plane 
and two lenticular surface.s, thus concentrating and reflecting 
tlie ra}'s at the same time. It is mounted so that it may be 
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used in the substa^c, as shown in Vu^. 51, or better 
pcriiaps upon a separate stand, so tliat it is entirely inde- 
pendent of the micrVfscopc or sta^c, Fig. 52. 

In using this prism it is set beneath tlie stage at such a 
distance from the axis of the microscope as to furnisli rays 
of sufficient obliquity, and in 
order to produce the best 
effect the stage should be 
capable of rotating round the 
fixed luminous rays, as with 
test objects, such as the silici- 
oiis valves of diatoms, the 
Navicnla 7 'Jwmboidcs^ for in- 
stance, there is nearly always 
one position in which the 
markings are shown to the 
best advantage. 

Colonel Woodward’s prism 

has been described upon p. 246, 

vo\. i. of the 'Journal of the 

Royal Microscopical Society.’ 

It c(Misists of a right-angle 

jirism of crown glass, the long 

side of which measures ^ inch 

by i inch wide ; it is cemented 

into a base-piece of bra.ss, 

• ^ Img. 52. 

and supported on a stout 

steel rod three or four inches long. Colonel Woodward 
tells us that the whole apparatus ought not to co.st 
more than three or four shillings, but we are afraid he 
has not consulted the optician in this matter. To use 
it, the steel rod is slipped into a davk-well holder, and 
putting a drop of oil on the upper face of the prism, it 
is placed in contact with the under surface of the slide. 
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The Vv^hi of paraffin lamp is then to be condensed upon 
tile ol)ject throuc,di one of the faces of the prism, until it is 
seen by insjiection through the other hfzc that the objective 
is well illuminated. 

Nachet’s prism is shown in Fig. 53 , the upper and lower 
surfaces of which are convex, by reason of which the rays 
of light proceeding from the mirror are con- 
veyed by the lower surface, and after under- 
going two reflections are finally brought to 
a focus upon the object. The prism should 
be so mounted that it may be revolved 
for the same reasons as have been already 
given when treating of the Amici prism. 
The Nachet prism is not much used in 
this country, and in its present form it is constructed with 
the lower surface plane and not convex as in the original. 
Then, again, there is the right-angle prism which finds 
occasional use. The proiiortion of light reflected by a 
[irism is greater than can be obtained from the ordinary 
plane silvered mirror, which always yields secondary 
reflections from the surfaces of the glass. 

Lord Osborne’s illuminator or diatom exhibitor is made 
by IMcssrs. Ihikcr, of Holborn, and is much praised by many 
micnxscopists as an aid in resolving markings on plane 
surfaces ; it is somewhat similar to Reade’s condenser in 
the form of the lenses, but they are mounted differently. 

I he subject of condensers and prisms is one which 
should be well studied by the beginner before he decides 
to purchase ; always talk the matter over well with experts 
before committing yourself to any particular form. 

1 he illumination of opaque objects under high powers 
has been attempted by many, but the most successful 
ajqfliances for this pur])ose arc easily enumerated — Powell 
and l.caland’s, and 13cck’s vertical illuminators, and Tolies’ 
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interior illuminator. The best objects to show the method 
(/f using these accessories the student will find to be the 
]\ulura scale and thd diatom Navicula rhomhoidcs, or the 
A})iphiplcHra pdlucida^ which will be illustrated in the next 
chapter. 

Messrs. Powell and Lealand’s vertical illuminator con- 
sists of a highly polished plate of glass, set at an angle of 
45 Mn an adapter which is screwed on over the objective. 
There is an aperture in the side furnished with a revolving 
diaphragm, through which the illuminating rays are made 
to pass. These rays are reflected downwards, through the 
c)l.:)jcctivc, upon the object, as .may be more easily under- 
stood on reference to Fig. 54 



iMG. 54. Viu. 55. 


Peck’s vertical illuminator is very similar to the above, 
i)ui; the plate of glass is replaced by a thin glass disc or 
thin cover attaclied to a milled head, as sliown in Ph'g. 55. 
I his seems to be a more handy form than the first, and for 
ordinary instruments is perhaps the best. Still the author 
must admit that with Messrs. Powell and l.ealand's work- 
manship their form of vertical illuminator is all that can be 
desired. In December 1880, Mr. Powell exhibited at a 
“ vScientific evening” of the Royal Microscopical Society 
^^Jup/iiplcura pcllucida lighted up with this illuminator, 
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c'lnd under tlicir new twelfth objective the result was 
sii[)erb. 

In order to <^et the best effect wifii the vertical illumi- 
nator, objectives of very wide aperture must be used. It 
fails entirely to resolve test objects when they are mounted 
in balsam, and it is a sine qua non that such objects should 
be mounted dry and in contact with the cover » 

The illuminat(jr made by Tolies, and called the 
“ interior illuminator,’^ may be seen in enlarged section at 

S^- ^ prism is inserted 

between the combination of 
•the objective, which collects 
and throws down the light 
through the objective on to 
the object below. The curves 
of the lenses figured form 
that celebrated I upon which 
there was so much contro- 
v^ersy as to the real aperture 
some few years since. 

Another simple method 
for illumination under high 
powers was described by Mr. 
James Smith at the March meeting of the Royal 
Microscopical Society, 1880, extremely well suitable to 
such oi)jects as Podura scales, diatoms, &c., under powers 
as high as the 

Mr. Smith uses the buHs-eyc condenser only, and places 
it with the plane side uppermost, just above the stage, 
the lamp being set in front at a distance of two or three 
inche.s. The light enters the condenser, and is reflected 
very (foliquely upon the slide from the plane surface of the 
bidfs eye. 

An appliance often u.sed to effect dark-ground illumina- 
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tion is the spot lens : it is of very siinj^le construction, 
\)c\iv^ a plano-convex lens, upon the upper flat surface of 
wliich is drawn a cirr;ular spot of black varnish, so as to 
exclude all central rays and prevent them passing- into the 
objective. It is shown in Fig. 57. 


t ie. 57. fu;. 5S. 

In the best instruments the [)arai)oloid is the dark- 
round illuminator, as rays of greater obliquity can be 
obtaineil by the use of this accessory than by the spot lens. 
It is shown in Fig. 58. 

In using the paraboloid the plane or flat mirror must 
i)e used to throw parallel rays upwards, and these are 
rellected from the internal 
siirlaces of the glass at such 
an angle that with objectives 
‘>1 moderate aperture the 
Held appears cpiite dark, the 
rays simply illuminating the 
object but not entering the 
object glass. The track of 
these rays may be seen on 
reference to 1^'ig. 59, 

A central .stop or dark 
Well is placed in the hollow 
of the paraboloid, and is 
capable of motion cither upwards or downwards by means 
ot a pin which runs through a hole drilled in the glass ; 
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when this is pushed upwards it cuts off the less divergent 
rays whicli would otherwise proceed from the apparatus. 
When lamplight is used, the bull’s-^^yc condenser should 
be interposed betw'een the lamp and the plane mirror, in 
order to parallelise the rays which fall upon the latter, thus 
yielding really splendid shows with many living objects 
sucli as the Polyzoa, but the brst results arc sometimes 
obtained by the use of the concave mirror. 

When objectives of wide angle are used, a somewhat 
different arrangement is necessary to secure dark-ground 
illumination. In the ‘ Montlily Microscopical Journar for 

July 1869, Mr. Wenham 
reproduces the illumina- 
tor wliich he first described 
in 185C as “A method 
of illuminating opaque 
objects under the highest 
powers of the Micro- 
scope.” l^ig. 60 will illus- 
trate the subject of these 
remarks. Cemented to a 
glass slide with Canada-balsam is a nearly hemispherical lens 
“ with a segment removed so as to leave the thickness equal 
to about one-third the diameter of the sphere. The circle 
formed by the removal of the segment is blackened in order 
to exclude all rays below the incident angle of total reflection. 
This lens is intended to be used in conjunction with the 
paraboloid as shown in P'ig. 60. The rays pass through the 
lens in a radial direction without refraction, and proceed 
till they reach the upper surkicc of the thin glass cover, 
where they arc totally reflected upon the object.” 

An immersion .paraboloid has since been devised by 
Dr. Edmunds, and made by Messrs. Powell and Lcalaiid ; 
it is somewhat similar to the above in principle. 
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Vov the illumination of opaque objects scv^cral kinds of 
apparatus are used, and of these we may consider first, the 
parabolic reflector as made by several opticians. This is 
most useful for low powers, from the 2-inch to the r’, and is 
made to fasten on to the objectives by means of a spriipq* 
clip, so that it may slide up or down or be turned round to 
secure the best illumination. 

When this reflector is used with a lamp, the buU’s-cyc 
condenser must be placed bctwx'en them with the flat surface 
towards the lamp, and its focal point 
so adjusted that the rays emitted from 
tlie bulTs-cye shall be parallel. The 
cliief use of this reflector is to reflect 
side light from all points of its surface 
to a point situated on the plane of the 
base in the focus of the objective. The form as made by 
Messrs. Beck is illustrated in Fig. 6i. 



Fjg. 6 1. 




At A, B, C, and D, Fig. 62, arc shown the accessories 
called Lieberkuhns, or Licberkuhn’s reflectors, which are 
uv:;cd occasionally for the vertical illumination of opaque 
objects. They are small silvered concave mirrors mounted 
on short tubes, to admit of adjustment on the objective, 
and thereby yielding the maximum illumination. A 
separate Licberkuhn is required for each object-glass, as 
the focus of the concave mirror has to be adjusted to that 
of the objective. 

In using this appliance, parallel rays of light are thrown 
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throuc^di tlic st.'i<4*c by means of the plane mirror, which on 
meetinc^ the Lieberkuhn are deflected upon the object, as 
shown in 63. Lieberkuhns arc ^lot much used at the 
present time, and can only be applied to objects whicli are 
so mounted as to allow of the passage of marginal rays 
thnuigh the slide. 



64. 


Side rellectors, which are mucli used tor the illiiminati(Ui 
of opaque objects, arc either mounted in the same manner 
as slage-forccj)s, or as sliowii in h'ig. 64, in a collar wliich 
spans above the objective, as made by Mr. Swift. 

The side retlect(^n* may be used to illuminate opaciue 
objects on the stage very successfully, and witli siicli ojjli- 
quity that nniny delicate markings which are unobserved 
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with the Licberkuhn arc brought out without difficulty. In 
use, the bull’i^-cyc should be interposed between the rellector 
and lamp, to render* die light parallel, exactly the same as 
with the parabolic reflector. 

When the object is mounted on an ordinal*)' slide, as a 
transparent object, a dark ground may be produced by 
using one of Lister’s dark wells, which 
are merely blackened stops, their deep 
cup-shape insuring perfect blackness, 
their diameter intercepting the rays 
whicli would otherwise pass into the 
objective. The engraving (h'ig. 65) is 
an illustration of a dark well in its sub- 
stage mounting, as made by Messrs. 

ILxk. 

I'or these dark wells the author often uses small circles 
of black paper mounted on the ordinary 3-inch by i-incli 
slips, and for most purposes they answer admirably. 

We now come to several very singile but important 
additions to every microscope, the first o( which is generally 
supplied with all instruments. Fig. 66 delineates the stage 
forceps, shown holding a fly for rough examination under 



such objectives as the 3-inch or 2-inch, but arc altogether 
unsuitable for high powers. • 

In. the investigation of minerals it is often neces.sary to 
examine small angular pieces which require to be viewed on 
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all sides. In order that this may be done easily, Messrs. 
Beck make what is called "S^tage mineral-holder (Fig. 67), 
one of the jaws being movable in alright line, so that it 
may clamp any sized specimen, and by turning the milled 
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head of the jaw tlic mineral is made to revolve. Fig. 67 
will [lerhaps show more clearly the action of this holder 
than any description can do. 



Morris’s rotating stage (Fig. 68) often serves the purpose 
of stage forceps. In its improved form it can be used for 
both opaque and transparent objects. Small dies, larvm, 
beetles, &c., can be affixed to the cork by means of a 
small pin, or with gum, and as the stage moves upon a 
secondary plate by means of a ball-and-socket joint, the 
object can be placed in a variety of positions hardly 
possible by any other means except the disc-holder of 
Messrs. Feck. 

Feck’s disc-holder, shown at Fig. 69, is for the purpose of 
holding for examination under the microscope the small 
discs upon which objects have been temporarily or per- 
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niancntly mounted. The object is attached to the disc by 
the aid of g;um, or any other suitable adhesive material, 
and when placed in the holder for observation, the disc can 
be rotated in both 
vertical and horizon- 
tal directions. These 
discs are very useful 
for many objects, 
especially those not 
needing a cover, and 

■Messrs. Beck sui)ply 

^ iMCr. 69. 

boxes into which they 

are fitted when not in use, so that they may be kei)t excluded 
from the dust. 

With many objects, in order to examine them minutely, 
ill that is necessary is to t)lace them upon a glass slij), 
add a drop of the right medium, and coxier with a thin 
eovering glass. 

This method of working is all very well for organisms 
which are still, or comparatively so ; but when we come to 
examine Rotifers, the luitomostraca, and other active forms 
of life, we find means arc required to kce[) them in one 
liosition. Suppose, for instance, we wish to examine an 
Ihitomostracon, which turns out to be Jn^siiiiua /o/ii^irosP'is : 
during its rapid motions through the water we would be 

apt to come to false conclusions concerning it, but if we 

•> 

prevent the organism from moving it can then be studied in 
all its details. 

The simplest and least expensive way of examining the 
Infusoria and other moving micro-organisms is by the use 
of the Rotifer-trap of Mr. F. Bedwcll. This consists of a 
few/ilamcnts of cottonwool placed upc5n the under glass of 
a live-box.” The organism contained in a drop of water 
is then run over it, and eventually becoming entangled 
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amongst the fibres, is kept comparatively still, by which its 
form can be clearly made out. 

Two forms of cages or live-boxes afl: shown in tigs. 70 
and 71. They are, however, not all that can be desired. 
Just so much pressure must be applied to the cap as is 

necessary to keep the 
animal still, and no more, 
or it will be crushed and 
distorted, so that the cap 
reipiires much dextrous 
manipulation. Often- 
times such objects as 
haUomostraca, &c., \\ill 
not display themselves 
to advantage, so that the 
ca]j recpiires loosening, to be again se[uce/cd down at an 
oi)l)ortune moment. Moreover, it is generally found that 
some particular organism will get near the periphery of 
tlie cov'er, and in this all the interest may be concentrated, 

yet the objective will 
not reach it if it happens 
to be of the form of 
Fig. 71, and if we adopt 
the form of Fig. 70 we 
are often precluded from 
using the achromatic 
condenser to any portion 
Fig. 71. but the centre of the 

slide. Instead of this 
we may' use the compressorium as made by Messrs. Beck, 
Koss, Collins, and others, for use with high pow'crs ; but 
1 ipei s form, made by Mr. Swift, and illustrated in Fig. 72, 
will be lound more convenient. » 

1 iie most delicate pressure can be applied by' means of 
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these iiistrunicnts, and all such intended for real use should 
be reversible, so th^t the objects maybe easily viewed from 
both sides, and this* can be done with the form shown in 
72. 



Fig. 72. 


A form of compressor differing from all others has been 
devised by Mr. Ilolman, U.S.A. ; the top or mica cover 
is fixed while the lower thicker plate of glass is raised 
or det^ressed by means of a screw-nut and spiral spring, 
'flic employment of a thin mica cover is certainly an im- 
provement, and one which luiglish opticians would do 
well to follow. In this we 
imagine every t)ractical 
microscopist will concur, 
as the breakage of a glass 
cover in the middle of an 
interesting observation is, 
to say the least, vexing. 

Zoophyte troughs may 
be easily constructed by 
the student ; the form 
shown in Fig. 73 is made 
of a thick glass base plate and ends, while two pieces of 
thinner material furnish the front and ba*ck, which should be 
of flic same thickness as the thinnest slips arc cut from. 

This trough should measure of an inch in width, 
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2 inclics in i\ deep at the front, and 2 inches at the 

back ; the base plate and ends being made from glass ,v of an 
inch in thickness ajul cemented together with marine-glue. 

h\jr higher powers, the form of trough shown in Fig. 74 
is desirable. It consists of a gla.ss slide, 3 X li inches, 
upon which is cemented with marine glue an ebonite or 
glass semi-rectangular piece as shown in the figure ; the 

half of a flat indiarubber 
ring will answer admirably, 
the front being formed of a 
piece of thin glass. 

In use, nearly fill the trough 
with water, place it on the 
.stage of the microscope, and 
incline the body of the in.stru- 
menl so that the observations may be made with comfort ; 
adjust the lam[) and concave mirror so that the nnvst intense 
and central light is thrown through the instrument; and 
lusll}', adjust I he dia[)hragm until most of the marginal rays 
of light are cut off, there remaining only just sufficient light 
to work with. In all eases appl}' a larger aperture only 
^\ hen absolutely necessary. 

It may be here stated that the miHleratc use of the micro - 
scoiK‘, c'ither monocular or binocular, when cm])lo)'cd in the 
above manner, will not injure the eyesight of a liealthy 
pc'i'son. Wluai, lunvever, an exxe.ssive glare of light is con- 
stantly empl(^)’e(.l, the e\’e becomes less sensitive to ordinary 
light; excess of illumination is a common fault with 
beginners. 

The several forms of zoophyte troughs such as those 
slunvn in higs. 73 74 niay be obtained from any maker 

tie iler in micrt>sc**o[)ic ai)paratus. 

I'ig. 73 is a wide trougli, but it may be narrowed by 
nuans of the wedge and spring, which drives a thin glass 




B or TE RILLS TROUGH AND LIFE-SLIDE. 8 / 


partition close to the front plate; F'ig. 74 is not adjustable, 
but is easily made by the student. 

Another adjustable form of trough is Bottcrill’s, which 
consists of two brass or ebonite plates bolted together, as 
shown in Fig. 75, the plates of glass being separated, 
according to the space required, by an ordinary indiarubber 
ring of the requisite thickness. The trough can thus be 
taken apart and the glasses cleaned, or a broken front 
replaced without the trouble of cementing, the glass sides 
being sufficiently thin to allow the use of high power 
objectives. 



Ki(e 75. 


A microscopic life-slide also devised by Mr. Botterill is 
shown at Fig. 76 ; the advantages claimed for it are, the 
facility with which it can be used and cleaned ; its reversi- 
bility, allowing either side of the object to be examined 
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tlirough thin glass; the provision for renewing the supply 
of water without disturbing any part of*the apparatus, thus 
enabling objects to be kept under examination for an 
indefinite period ; the same arrangement also allowing of 



88 


PRACTICAL MICROSCOPY. 


the introduction of colouring matters, as carmine and 
indij'jo; and lastly, its moderate cost and durability. 

Im)!' Confcrv.'e, small Infusoria, and^similar organisms it 
is sufficient to place the object on the bottom glass, with a 
drop of water, and apply the covering glass in same manner 
as when using a glass stage-plate. When a thicker layer of 
water is recpiired, a narrow ring of vulcanite, cork, or other 
suilal)le material, of the requisite thickness, should be placed 
on the lower glass, and the object put in position, the cover- 
ing glass being finally a[)])lied as in mounting objects in a 
cell. The sup[)ly of water can be maintained by putting a 
drop occasionally in one of the side “ wells,” keeping the 
slide, when not under examination, in a small damp cham- 
ber, to prevent evajioration. To change the water, supply 
through one “ well,” and draw out through the other by 
means of a roll of blotting [lapcr. 

Messrs. Thompson and Capper, of LiveriM')ol, were the 
original makers of this slide, and also of I^otterilTs zoophyte 
trough, illustrated at h'ig. 75. 

The ordinary slip with a ledge of glass cemented to its 
lower edge, as shown in I'ig 77, is very useful, and saves the 

stage of the microscope 
from corrosion when marine 
organisms are being ex- 
amined ; it may easily be 
constructed by the student. 

The glass hn* the construct it>n of these troughs and slides 
ma)' easily be cut with a glazier’s diamond, and the edges 
ground i)arallcl upon the flat face of an ordinary grindstone 
kept well wetted with water, or even by rubbing them 
upon a flat well-moistened piece of Yorkshire flagstone. 
An emery wheel wi*ll also answer the purpose. Pieces of 
superfluous glass may be removed by the use of a fine cut 
file lubricated with oil of turpentine, and holes made with 
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an ordinary drill lubricated with the same material. Glass 
may be turned to any shape in the lathe by iisini; a smooth 
cut file, kept moistei^cd with oil of turpentine, as the turning 
tool ; but in order that this operation may be successful it 
is necessary that the piece for turnini^ be not of too lar^;e 
diameter. 



In working- with high powers and expensive slides there 
is often a risk of cither one or the other getting damaged, 
and this is especially the case 
with immersion objectives, where 
the kindly help of the dust on 
the cover-glass is not obtainable. 

It is never advisable to take high 
l^owers or rare slides to conversa- 
zione or other public meetings, 

on account of the miscellaneous 

• 

character of observers ; but if such 
a proceeding is imperative, the 
exhibitor should certainly provide 
himself with one of Stephenson’s 
new safety stages, shown in 
h igs. 78 and 79, which may be the 
m^ans of saving him a few regrets, 
if by chance the object-glass is racked down on the thin cover, 
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no damage is done, on account of the object receding as 
soon as contact is made, the springs shown in the figure 
making that motion possible. The object is placed on the 
two sliort arms C C, and is held in its place by the spring, 
which is i)laced above and between them. In order to 
make safety doubly sure Mr. Stephenson has devised a 
second j)iece of apparatus to act with the former; it is 
shown in h'ig. 79, and consists of a scpiare rod of brass which 
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must be adjusted t(^ suit the various objectives used; it is 
held in its place by a pin passing through it, attached 
to a screw at the outer side of the s(')cket in which the rod 
slick's. 'riiis instrument is placed (in the Ross model) 
beneath the bar which carries the microscope body, and, 
when prcgx'i'ly adjusted, allows the objective to touch 
the object upon the stage, but arrests all further progress, 
no matter with what degree of force the coarse adjirstment 
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be pressed, a property of considerable value to public 
('xliibitors. 

y\nother very uscAil accessory is the revolving table, 
several forms of which are now sold at a very cheap rate. 
At one time the cheapest whicli could be (d)tained was 
about 9/., and now they may be procured (with a slate to[)) 
Inr less than one-fourth of that sum. 

\Vhen two or more microscopists are pursuing- any 
investigation together, the constant rising from chairs musl 
(»rten have been thought 
a nuisance, but a cheap 
revolving table enables 
mutual observations to 
be made with comfort. 

I 'he author’s revolving 
table is 2 feet 4 inches 
in diameter, the top of it 
is 2 feet 3 inches from the 
gTound, and four or even 
six observers may coni' 
fortably sit round it. 

v\nd now a few words 
• IS to illuminating ap- 
paratus. The best light 
which can be obtained - 
is that from a c'ood wliite A- 
cloud on a sunny day, 
but unfortunately in our 
towns and crowded cities 
wc get but little sun- 
light undiluted A\ith smoke, and students generally arc 
'H:cu[)ied the day through, so that it becomes necessar)' to 
Use artificial light. 

When using light fo)!!! tlu: sky or from the sun, it should 
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be reincnil^crccl that the rays arc, for all practical purposes, 
parallel, and thereby differ essentially from artificial light, 
the rays of which converge strongly^ from the luminous 
centre. I^'or use at home there is nothing, perhaps, so 
convenient as an argand gas reading lamp, sliding up and 

down on a metal rod, 
with a shade over it 
to prevent extraneous 
light from reaching 
the eyes. Students 
are very a]>t to work 
with too much light, 
and tlicrcby impair the 
sensitiveness of their 
eyes ; they should 
endeavour, however, 
to work with only just 
as much light as is 
necessary to bring 
out [ilainly the details 
of the object under 
examination, and no 
more. 

If an oil lamp is 
desired, a very com- 
mon one maybe made 

, to answer almost 

l n;. S’. 

every ordinary pur- 
pose, provided it is low enough, as when it is rcc|iiired to be 
raised, that may be readily accomplished by means of 
blocks of wood of varying tliickness. The ordinary form of 
micn\sc('>pe lamp is snown in 1^'ig. 8 1 ; it differs sliglitly in con- 
slruction in ihe hands of different makers, but the student 
sluMikl eschew all forms in which the oil reservoir case is 
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soldered to the sliding ring; all the author has seen from 
different makers have come to pieces in a very short lime. 
Ih'owning’s oil lamp,jkvith bull’s-eye condenser and silvered 
rellector, is shown at Fig. 82. It has a porcelain shade 
cen ering the chimney to protect the eyes from the exccssixa* 
^^lare. This lamp (and in- 
deed most oil lamps) is used 
with paraffin oil, and the 
brilliancy of the light may 
be increased by dissolving 
a lilllc camphor in it. The 
light is more intense when the 
ed^T of the flame is turned 
towards the object to be 
illuminated; but if ([uanlity 
uf light is rectuired rather 
than ijitensity, the flat side 
of the flame may be so 
disposed. 

A rather better lamp than 
the above for general work is 
that of Mr. Swift, and shown 
in Fig. 83, which, however, 
in the writer’s estimation, 
would be much improved by 
a glazed porcelain chimney 

w*ith two o])positc i^crfora- 

r. t'lG. 83. 

tions, for in most examina- 
tions (perhaps all) it is a very importajit point to avoid a 
Hood of extraneous light passing to the eyes. 

There are several other lamps which may be mentioned 
here : Collins’s Fockett lamp and Fiddi'Aii’s lamp, made by 
Messrs. Ross and Co. The Fiddian lamp is suj)ported by a 
massive claw stand, from which rises a vertical support on a 
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ball-.'ind-sockct joint. A brass tube slides on the vertical 
rod bcariiiL^ the condenser and lamp with neutral tint shade 
and ‘'white cloud " reflector having- tolcscope and clam])ini:^ 
screw adjustments. When these arc placed in any desired 
relation to each (jther, the w'hole can be vertically adjusted 
by a rack and ])ini()n with the lU'eatest accuracy. Its price 

is fi\'c ipiincas. Another 
beautiful lamp has been 
made by Messrs. Wood, of 
Liverpool, for Messrs. Dallin- 
i;er and Drysdale. These 
two ol)servers, whilst work- 
inr;' at the life-history of the 
monads, ai)preciated the diffi- 
culty (.)f accurately centerin'^- 
the imae:e of the Hamc when 
workin*^' with the and 
objectives, and so devised 
this lam[), which is illustrated 
in the A])ril number of the 
‘ Monthly Microscopical 
Journarfor 1876, vol. xv. 

Parkes’ microscope lami.) 
with coolin^;' evaporator may 
be seen in Fiq,-s. 84 and 85. 
C is a bronzed copper cylin- 
drical shade 3! inches m 
diameter with a hood at the front to prevent the upward 
reflection of liL;'ht. At the back is a jDarabolic reflector 
transmittini;- nearly parallel rays, made removable for the 
purpose of cleanini;-. At the front is a tinted “ lij^ht-modi- 
fier,” secured by a bayonet joint, and may be also removed 
when desirable. D is the “ coc>lini;' evaporator”; a layer of 
thick felt is placed inside for .saturation. When the lamp is 
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lighted, this vessel is filled with water, and so prevents the 
radiation of heat upon the observer’s head. The felt reijuires 
moistening about onc^ every five hours. 

The light of the sun, a white cloud, or the electric light, 
which the author has used, and will illustrate in a future 
chapter, each give a light of remarkable purit}\ This is 
not the case, however, with the light from gas or frmn oi 
lamps. These last, especially gas 
sources of illumination, give a very 
objectionable yellow tone, while 
some tints are nearly suppressed. 

This effect has been noticed by all 
observers, and in 1872 Mr. Collins 
produced a light-corrector, and 
exhibited the same at a soiree at 
the Quekett Club. It consists of a 
Ijrass stage-plate with a groove in 
which rotates a diaphragm of 4 
apertures — one open, one fitted with 
a finely ground glass, while the 
others arc fitted with two different 
tints of blue. Rainey produced a light-modifier before 
this, but it was of such construction that it required 
fitting to each microscope; that of Mr. Collins, on the 
other hand, can be used with any instrument, and without 
fitting. 

■* The effect of the blue glass is to effectually correct the 
yellowness proceeding from all artificial illuminaticm, 
rendering the light soft and agreeable, as well as to im- 
prove the definition. To produce this effect, the writer 
uses a simple 3 in. x i in. slide of blue glass, such as is 
used^by the chemist for the qualitative# analysis of potash 
sak.s. It was obtained from Messrs. J. J. Griffin and Sons, 
Garrick Street, Covent Garden. 
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iJr. Woodward prefers to use the ammonia-sulphate of 
coi>[)er cell, and then only for high power definition, and he 
says he lias been able to resolve theemarkings on Anip/ii- 
p/enra pcllucida with objectives found incapable of doing it 
with white light. Professor Smith, of Ashtabula, also 
ex[)resscs his ajiproval of the use of monochromatic light. 
He says that with its use, and an eighth dry objective, he 
lias easily resolvx'd the A. pcllucida to beads, in balsam, 
with deep eye-pieces ; and with the lowest eye-piece the 
transverse and longitudinal strim were easily seen. 

The white cloud illuminator is a contrivance made in 
order to produce the same kind of illumination from 
artificial light as is obtainable from a white cloud. It is 
generally used with low powers only, and is made in 
several ways— -a concave surface of plaster of Paris, a 
mirror coated at the back with zinc-white paint, roughened 
enamel, and white jiaper have all been used to produce 
this effect, as well as the disc of ground glass found in 
Mr. Collins’s light-modifier. 

Thus closes the chapter on accessories; but the student 
must not think we have exhausted the subject: there are 
many pieces of ap[)aratus in occasional use ^^'hich it has not 
been tlunight lU'cessary to include here, and many others 
will be described in the subsccpient chapters under the 
headings in which they are more intimately concerned. 



CHAPTER V. 


CiKXERAL REMARKS UPON OBJECTIVES — TEST OBJECTS. 

When wc consider the many adjustments of apparatus 
needed ere a correct picture of an object can be placed 
before the eye, it will be readily seen how necessary it is to 
pay strict attention to details — more especially of illumina- 
tion, this being one of the first and most important lessons 
the microscopist has to learn. 

When rays of light pass through media with parallel 
faces, such as the glass slips used by every worker with the 
microscope, the emerging rays arc parallel with those enter- 
ing, the intermediate portion being bent away from both 
these planes as shown in Fig, 86 . If water be used above 
the glass, the emergent ray will be bent up more towards 
the perpendicular, while when cedar-wood oil, or any of the 
homogeneous-immersion fluids are employed, the path of 
the ray will be one continuous 
line from the under side of the 
glass slip. A diagram of the 
passage of a light-ray through 
g%ss is shown in Fig. 86 . 

Ordinary glass slides, and also 
the thin covers, are made from 
crown glass having a refractive 
index varying from i * 5 to l * 525 referred to air as unity : 
the following table of mean refractive indices of many sub- 
stances used by the microscopist may not be uninter- 
esting : — 

li 
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Air 1*000 

Water 1*336 

Sea water i * 343 

Alcoliol 1*373 

Olacial acetic aciil 1*3^0 

Kqual parts, j^lycerine and watci .. .. 1*400 

(dyceriiie 1*475 

Oil of turpentine i * 478 

Crown f,dass i * 5 to i * 525 

nomoj^enooiis-inimersion Iluid 

( Ihloiide of cadmium in jjlycerine .. .. I'SOO 

Cedar-wood oil i*5'^2 

('anada balsam **532 

K1 ini glass 1*575 

Monobroinide of naphtlialiiie 1*65^^ 

llisuljdiide of carbon 1*678 

(^il of anise i*8ii 

Sidphur 2*115 

rhosjdiorus 2*224 


I’lanc or flat mirrors reflect an innif^e of tlie same size as 
the object, the flame of a gas or oil lamp for instance, and 
therefore the rays are parallel, and the image is not inverted. 
When light is reflected from glass, the under side of which 
is silvered, much of it is lost from several causes ; but when 
polished metal is employed for the reflecting surface, the 
rays do not enter the substance of the reflector, and there 
is less loss of light than in the former instance. 

We must now turn our attention to the concave mirror, 
with which all respectable microscope stands arc furnished. 
In this kind, the focus is situated at a point at which the 
reflected rays meet, and when rays parallel to the axis aio 
brought together after reflection, the meeting point or focus 
is at an equal distance between the centre of curvature C 
and the mirror itself, and, consequently, if a luminous object 
be placed in this principal focus F, the rays emitted by the 
whole surface of the mirror will be parallel, as ^cen in 

I'iS- 87. 

If, however, the luminous point be at a greater distance 
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from tlic mirror than the principal focus, or 'vicc versa if the 
luminous rays fall divcro*ent upon the concave mirror, a 
focus is obtained at a-viother point called the conjuL^ate focus. 
In the first case the rays, instead of beiiiL^ parallel, will 
converge towards L (bdg. <S8), while in the second the focal 



l)oint of li^ht will be removed further away from the mirror, 
and the rays proceeding from a lamp may be brought to a 
focus until the distance between the source of illumination 
and the mirror has been lessened to the centre of curvature, 
liie rays being then reflected on to themselves. 



Fie. 88. Fig. 8<> 


If the source of light be placed between the principal 
(ocus and the mirror the reflected rays will be divergent, as 
shown in Fig. 89. 

Let us now consider the action of lenses upon illuminating 
rays. In a double convex lens the refracted rays from a 
parallel pencil of light form a focus very near to the centre 
of cuiwature of the lens, anc^* conversely when a lamp is 
pli*ced in its principal focus a double convex lens may be 
made to appear the source of light, as .sliown in Fig. 90. 

II 2 
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It will he hccn that a doul^lc convex lens has a principal 
focus on either side of it, and therefore the li<^ht may be 
parallelised on either side, but if the .^fjurce of illumination 
be placed further away than the principal focus, the mys 
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will be no longer [)arallel, but centred in a point at some 
distance from the opi)osite side of the lens, as shown in 
Fit;. 91. 



Kie. 91. 


These points (/ and L) are called conjugate foci, and do 
not lie in any fixed plane, but are dependent the one u[)on 
the other; it is this movement of the conjugate foci which 
yields a long working distance from the objective when the 
body of the microscope is shortened, and requires the 
object-glass to be approached nearer to the object when 
the draw-tube is used. c 

Diverging rays can be toroduced by placing the illumi- 
nating point between the principal f(Kus and the lens, and 
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when converging rays fall upon a double-convex lens they 
arc brought to a focus at a point between the principal 
focus and the lens itself, as shown in Fig. 92. 

The action of a plano-convex lens, of which our buirs-eye 
condenser, Fig. 36, is a type, may be studied in the same 
diagrammatic man- 
ner. This may be 
C(^nsidered as a 
double-convex lens 
split down the centre, 
and so forming two 

plano-convex lenses ; 

‘ 1m G. 92. 

it is generally used 

for purposes of microscopy on account of the great work- 
ing distance of its focus. As already described, parallel 
rays falling upon a double-convex lens come to a focus 
very near the centre (radius) of its curvature, but ^^■hen 
the same rays fall upon the curved surface of a bulTs-eye 
condenser they are brought to a focus at a distance ccjual to 
the diavicii'v of the curvature, or twice the distance of a 
floublc-convcx lens, as may be seen in Fig. 93 ; and con- 
versely if we wisli to produce rays of parallel light from 
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a lamj), the ordinary buir.s-eyc condenser must be placed 
twTcc as far from the luminous point as would be ncce.s- 
''ary in the case of a double-convex lens, a condition of 
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extreme importance when we consider the heat given out 
(hiring com]:)ii.stion in nioj^t oil lamps. 

These remarks iipcni the behaviour certain lenses and 
mirrors towards the rays of light may be considered super- 
lluous, nevertheless, as the student proceeds, he will find 
that not one word too much has been written. False 
appearances are often produced by the bad employment of 
lighl, and the student is advised to practise many kinds of 
illumination upon objects with which he may l)c familiar, so 
as to ac([uaint himself with the various api)caranccs which 
diverse a])[dications of it will afford. 

When the action of the various mirrors and lenses has 
been fairly gras|)ed, the student should proceed with some 
work cai)able of giving him experience of the manner in 
which various objects are delineated ov depicted under 
various objc'Ctives. In the days of Dr. Goring (1832) when 
objectives e\en of high amplification had not surpassed an 
air angle of 55', and even when achromatics were despised 
by nearl}^ all working microscopists, it would not have been 
a difficult task to test an <T)jcctivc for its s[)herical and 
chi'v'imatic aberrations, b\' means of the tests we now possess ; 
but time has changed all things microsc(.)pical ; really bad 
lenses are rarities, and taking objectives to, and including 
the jj-inch, it is remarkable how few imperfections they 
[)()ssess. 

In order to correct perfectly the aberrations of objectives, 
the practical optician employs the globule of mercury or 
“artificial star” as a test object, while the accuracy of their 
setting is cxamincel by studying the reflected image of a 
flame or the window bars, while the mount with lenses 
/;/ sif// is revolving in the lathe. 

Beyond mention of it, the “ artificial star ” test need not 
be described here ; it has been fully treated upon ‘ by 
Dr. Goring in the 'Microscopic Cabinet,’ to which the 
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reader is referred, while the introduction of a ^ood series 
(^f test objects renders the general employment of the 
former scarcely necessary. 

It must not be forgotten that great differences exist 
between test objects. Amongst the slides of Plcurosiirma 
aui^itlatum, sold for this purpose, some arc so extremely 
coarse as not to be a test in any sense of the word, while 
otliers arc so finely marked that they can only be resolved 
with the greatest difficulty under a rl-inch objective of liigh 
air angle. This is also the case with the diatoms Naviciila 
rhouiboides and Atnphiplcura pcllucuia, used as tests for the 
highest powers ; so that no reliance should be placed upon 
statements that such and such a diatf)m was resolved 
under a certain objective. 

Object-glasses for use with the microscope arc usually 
spoken of as possessing the following qualities: — 

1. Working distance of the front lens from the object ; 

2. Defining power ; 

3. Flatness of field and freedom from distortion ; 

4. Penetrating power ; 

5. Resolving j)ower ; 

and it is to ascertain their excellence, or otherwise, 
in these directions that test objects are brought into 
use. 

• Working Distanck. — It has already been shown that 
the nomenclature of objectives docs not presuppose any 
working distance from the front lens ; in fact, such a thing 
would be impossible, seeing that the enlargement of the 
aperture reduces the distance of the front lens from the 
object, while the amplification remains the same. Their 
designation, such as a “ i-inch objective,” indicates only that 
such an object-glass should possess the same magnifying 
power as a single lens of i-inch focus, the distance the 



104 PRACr/CAI^ MICROSCOPY, 

front of the system focusses from the object not being 
considered at all. 

Gnndlach, in a rather abstruse article in the ^American 
Monthly Microscopical Journal,’ ii., i88i, tells us that 
“working distance” depends upon (i) the focal distance 
(nominal, it is presumed), (2) the aperture, (3) the number 
of lenses of which the objective is composed, (4) the pro- 
portionate curves of the lenses, and (5) the thickness of 
the lenses. 

Great working distance is valuable in an objective only 
when circumstances demand it. Thus, for dissecting, or for 
the examination of opaque objects, a certain amount of 
distance is recpiisite for manipulation and illumination ; but 
when an object has been prepared and mounted, no more 
working distance is absolutely required than will admit of 
the use of the thickest covering-glass, and of the examina- 
ti(^n of a moderate depth of object. 

Iligh-angle objectives of low power and consequent 
shorter working distance will define much better than the 
smaller apertures, and there is sufficient working distance, 
even for dissecting, with the I -inch of 25” air angle. 

There is some difficulty in selecting a .J-inch objective. 
A glass of 40^' air angle possesses considerable working 
distance, being a power well suited for dissections, used in 
conjunction with the erector ; while a A-inch objective of 
80^^ air-angle scarcely gives 0*03 inch of working distance, 
focussing closer to the object than an ordinary 7l-inch objcc- 
tiv'e of 85^^. 

With the . 1 -inch and all higher powers tlie working 
distance is v^ery small, so that often the microscopist is 
precluded from using covering-glasses of the ordinary 
thickness. This is the case? with all extremely high 'aper- 
tures used as dry objectiv^es. Immersion objectives, for 
the same degrees of amplification, afford much longer 
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working distances than dry lenses, so that it is often 2:)os- 
siblc to use an immersion ^^,y-inch where the covering-glass 
is too thick for a dry * th. 

The author would like to see objectives catalogued by 
the makers in somewhat the following manner ; the oculars 
too might be included : — 
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Diokinixc; Powi:r. — This properly is of the first import- 
ance in objectives, and has been described by Dr. Goring 
to mean “nothing more than a destitution of both kinds oi 
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alicrration.” A well-correctcd objective focusses the indi- 
vidual rays of a pencil of light, both from the centre and 
pel'iphery, to the same plane as shown at h' in hig. 94 ; but, 
nevertheless, a more ov less distinct image is produced for 
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sonic distance from each side of this focal plane. If, how- 
ever, the rays arc not thus corrected, the outlines of edges 
of the image will be thick and confCscd, and the glass is 
said “ to be wanting in definition.” 

This fault may be shown diagrammatically in Fig. 95, 
which is an under-corrected glass, the peripheral rays being 



brought to a focus at f ff, between the central focus F and 
the lens itself. Lenses in their primitive state arc very 
much “ under-corrected,” and can only be employed when 
it is possible to cut off the peripheral rays by a diaphragm. 

An over-corrected lens is shown in Fig. 96, from which it 
may be seen that the marginal rays arc thrown further away 
from the glass, being brought to a focus at f ff respectively, 
while F represents the focus of the central portion. 



Fig. 96. 


An objective free from both these defects is said to be 
free from spherical aberration — or aplanatic. 

These defects in cheap low-angle objectives arc corrected 
(if the term will apply) by the interposition of a diaphragm 
behind the back lens cutting* off the marginal rays. These 
rays cannot then enter into the formation of the picture, 
the result being a dark, not very well defining glass of 
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low angle, but long working distance, though not suffi- 
ciently corrected to work with deep eye-pieces. In the best 
(djjectivcs of high ang?e the marginal rays arc not cut off, 
but corrected to the very edges by the application of a 
wider back lens than usual ; the aperture is therefore larger, 
but the objective possesses less penetration than one of 
lower aperture, and the working distance has been materially 
reduced. 

A small aperture objective may be constructed from 
one of these more perfectly corrected lenses by the addition 
of a diaphragm ; such an objective would bear deep eye- 
pieces and possess a fair amount of penetration, though the 
working distance may not be sensibly increased, owing to 
the thickness of the lenses and their various curves not 
being specially planned with this end in view. 

The defining power of an objective may be examined by 
the employment of certain test objects obtainable from 
Messrs. Norman or 
Wheeler, until the 
student has learned how 
to prepare them for 
himself. The pollen of 
the Hollyhock {Alt/ica 
rosic), shown in Fig. 97, 
is a useful test ; it must 
l^e illuminated as an 
otiaque object, and with 
a deep eye-piece (the 
Iluyghcnian 13 ), the 
minute spines should 
be readily and clearly 
defined. 

well cut wood-section, such as is shown in Fig. 98, is 
also an excellent test of definition, the borders of each 
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a deep eye-piece, unless the corrections liave been well 
cared for. 

The student should, if possible, compare this object under 
two objectives, one of foreii^n make yieldini; an amplifica- 
tion of 50 diameters with the A eye-piece, the other a i-inch 
of haiglish construction, possessing an air angl e of 30^ 

Another exceedingly good test of definition is a well 
mounted specimen of the tracheal system of Dyliscus 
niarg'nialis, delineated in h'ig. 100. 

In this instance the spiral threads should be visible with- 
out any halo of colour, and clearly separated so as t(^ aj)j)ear 
a continuous fibre 
rolled between two 
membranous walls. 

The engraving 
shows the illusive ap- 
[)earance generally 
perceived in this ob- 
ject -that of watered 
silk — produced by 
the contact of the 
back and front of the 
spiral, at different in- 
clinations, when the 
object is flattened and 
mounted in the usual 
wTiy in balsam. 

In order to discover how the correction for colour has 
been performed, several objects may be employed ; T>)r. 
Carpenter's test is the section of pine-wood shown in h'ig. 
loi ; it should be mounted dry, and the small circles 
( glaiulitlcc) must be well defined and free from colour 
cvai with the 1 ) eye-piece. Perhaps absolulc freedom 
from colour under deep eyc-])ieccs does not yield the 
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utmost perfection in resolution ; but authorities differ on 
this point. 

For higlier [)o\vers a white petal (^f the Pclargcmium may 
serve as a test object, it is a moderately severe test for a 
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.',-inch ; while for hij^lier [)Owers still, the diatom Mcridion 
circiilarc will show directly whether the corrections have 
been well executed. 

Insect scales are generally used for jud^ini^ the defining- 
power of hii^'her objcctive.s, such as the scale of the MorpJio 
JMi'iU'laus shown in Fig. 102, and that of the Poduta, 
Fig. 103. 

The former exhibits lines in a longitudinal direction with 
transverse markings, attributed to the corrugation of the 
internal surfaces of the lining membrane, and which are 
only to be noticed by the yse of a good objective. 

The Podura scale forms an excellent test of deli nit ion ; 
it was known for this purjxise before the appearance of 
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IVitchard’s 'Microscopic Cabinet,’ published in 1832; but 
the true character of the markiiu^s was not then known. 
This scale was then hicluded amonp^st the “line tests,” 
whilst now, with objectives of wide aperture, it presents 




the appearance shown in the fip;'ure. Central lip;ht from 
an achromatic condenser is the best for exhibiting- this 
scale, or it may be illuminated as an opaque object by 
means of the lamp and bull’s-eye condenser. 

Other insect scales arc to be found in use as test-objects, 
sTich as those of the Lepisma sacchariiia shown in Fiq. 104, 
and the battledoor scales of the Polyommatns ar<^iis de- 
lineated by Fig. 105. 

These arc considered much easier tests than those of the 
M, Meiiclaus and Podura {Lepidocyrtus cnrvicollis), but not 
so variable in quality. Fig. 106 shows ope of the ordinary 
scales of \\\q Morpho being, however, magnified to 

but one-half the extent of Fig. 105. 
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In the use of these test objects, ^reat attention must be 
paid to the illumination and more particularly to the ad- 
justment of the lenses for the thicj'zncss of the covering; 
^lass. Ikit little correction is needed with the screw collar 
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Fig. 106. 


adjustment in the water-immersion objective, and still less, 
if any, is required with the homogeneous system ; never- 
theless, it should always be added, as then correction is 
possible, should it ever be required to meet exceptional 
cases. In the lenses made by Messrs. Ross and Co., all the 
powers from the ^,-inch upwards can be used either as 
“dry ” or “ water -immersion,” by merely moving the lenses 
by means of the adjusting collar near to the mark “wet,” 
thus avoiding the cost of extra fronts and the inconvenience 
in changing them. Great care is required in adjusting 
them exactly, so as to get the best performance. 

3. Flatness of Fikt.d and Freedom from Dls- 

'I'ORTION. — These properties in objectives may be tested 
in several ways ; for low powers, a section of a large 
spine of Echinus, such as shown in Fig. 107, may be used ; 
a well cut and perfectly flat wood-section ; or perhaps 
better still, one of Mr. Dancers exquisite micro-photo- 
graohs. The whole field should be well defined under 
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011c focussing, the margin as well as the centre. 1^'or 
liiglicr powers similar objects may be used, but of coursi' 
of smaller dimensions, ^vhile freedom from dist(U'ti(Ui can 
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i)c tested for, by observ^ation of the micrometer placed upon 
the stage, or a series of lines ruled by Wheeler, varying 
horn one thousand to ten thousand to the inch. 

4. I'KXETRATrxc; IhjWER. — “ Penctn’ 4 .ion," as it is 
uiujerstuod now, signifies that property which an objec- 
dve possesses whereby several planes of an object are 

1 
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broui^ht into focus simultaneously. Until very recently 
the [)ro[)erty of penetration was shrouded in mystery and 
its usefulness often ex a^i^^c rated, Iput thanks to Professor 
Abbe, who has made it a special study, most of the diffi- 
culties surrounding the subject have now been cleared 
away. 

The j^rcatest use of penetration ” is perhaps in the 
employment of the binocular microscope, for it is only 
when an object can be seen in its entirety that a true 
stereoscopic image can be obtained. There is no doubt 
also that this penetrating [)ower is very useful for general 
work, such as dissecting; still it should be remembered 
that a low -angle lens with much penetration will not 
usually stand deep eye-pieces. Dr. Hlackham writes of 
“ depth of focus ” as “ only a residual error at best ” and 
“that it can be left in a wide-angle lens as well as in a 
narrow-angled one.” Whether this is practically correct, 
perhaps opticians will be able to tell us, but it seems to the 
author much more difficult to leave spherical aberrations 
uncorrected and practically unnoticed in a wide-angle lens 
than in one of narrow angle. 

Professor Abbe has demonstrated the fact that penetra- 
tion or “ depth of vision ” depends upon two circumstances : 
first, the acconnnodation depth, of the eye, and secondly the 
depth of focus, varying with the quality of the images pro- 
duced from certain distances on each side of the exact 
focal plane. The eye, being insensible to small defect’s in 
the various images, can practically discern the object in its 
several depths, provided the images compare with sufficient 
exactness. 

The accommodation depth is very great with low ampli- 
fications. Undvor a magnifying power of 10 diameters it 
amounts to nearly 2*i millimetres, while with hiidier 
powers the image passes cpiickly into a mere transverse 
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section. The depth of focus does not diminish at such a 
rapid rate, but the thickness of an object which can be 
seen under one focujjsini^ decreases accordiiiL^ly as the 
amplification increases, and therefore it is most import- 
ant, where binocular vision is essayed, to use the lowest 
power sufficient for distinctly recognisiiii^ the object ; and 
with transmitted li^^ht to employ as narrow a pencil as will 
sufficiently illuminate it. 

The followini^ table by Professor Abbe will sufficiently 
illustrate these remarks : — 


Aniplitic.'ition, 

(f 

Diameter of 
Vicld. 

b . 

Accoimnoda- 
tiou Depth. 

c. 

Focal Depth. 

I )cptll of 
Vision. 

b + r. 

; k.ltio <t to <i. 

<1 

ii 


nun. 

nun. 

nun. 

nun. 


lo 

25*0 

2'o8 

0073 

2*153 

11*6 to I 

30 

< 8 * 3 . 

0*23 

0*024 

0*254 

32-7 ,, 

100 

2*5 

0‘02 

0*0073 

0*0273 

91*6 ,, 

3(10 

i 0-S3 

0 • 0023 

0*0324 

0*0047 

176*6 ,, 

1000 

0-25 

0*00021 

o*(XX )73 

0 * 00094 

! 2O6 ,, 

3000 

o'oS3 

0*00002 

0*00024 ■ 

0 * OQO26 

3^9 


The higher tlic numerical aperture of an objective the 
less will the penetration be, though the defining and re- 
solving power, with quantity of light admitted, increase 
with the absolute aperture of the ol)jcctive, provided the 
aberrations are well corrected. 

The following table (see next page) has been abstracted 
from the ‘Journal of the Royal Microscopical Society’ 
h-n- August i8cSi, wherein may also be found Professor 
Al:)be’s pa[)er from which we have largely quoted. 

Prom the foregoing considerations, “tests” for pene- 
tration would seem to be supcrfluou.s, seeing that it results 
from two almost fixed conditions; nevertheless, it is well 
to know how it may be observed. A section of frog’s lung 
or of human liver (Fig. io8) is useful for this purp(jsc, as 
when mounted, the various parts will be found to have con- 
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Iractcd somewhat, 
C(Mise([uently the r: 

producing corrugations or folds, and 
lys proceed from different planes, so 


that the test should be to see how much or liow little of 


the total depth can be seen under one focussinc;', without 
intlistinclness. 

As an instance of the work specially suited for low 
angles and consequent penetration, the cyclosis in ]^aliis- 
iicria spiralis is often cited. The autluu- can assure his 
readers that this may be easily seen with advantage under 
a .J,-inch cdqective of So air angle (o ’ 64 numerical aper- 
ture), the largest yet matle for this pow er in this countr}'. 

5 . RPSOLVINt; Power. — Without entering into any of 
the theories of this property in objectives, it may be briefly 
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stated that it depends entirely upon lari^e a[)t'rture, com- 
bined, of course, with accuracy of the corrections for 
s[)hericity and chronAitisin. The sev^eral pieces of a[)pa- 
ratus mentioned in the previous chapter are often essential 
with objectives of wide 
a])crture. for it is ob- 
xaoLis that tlie advan- 
taj^es would be lost if 
suflicientl}^ oblique rays 
did not enter into the 
formation of the imaqe. 

Idle Ross - Zeiitmayer 
stand, used with a i-inch 
'>r 2-inch objective as a 
Condenser, the radial 
■>ul)sta,qe condenser of 
Afessrs. vSwift and Son, 
or the oil - immersion 
V ondenser of Messrs. Powell and Leal.ind, are all c.qi.ibh' 
of producinci' liqht-ra}'s of sufficio-nt obli([uity. 

Diatom fiaisUihcs, as a rule, furnish tests for the resolving 
[)i'opert}^ of medium and hiqh-[^ower objectives, lo whicli 
may be added the insect scales already show n ; l.)ul these 
natural tests are all of very variable ([u.dity. Phitrosii^inu 
foviiiosiini and P. augulatiiuiy showai by hd^^s. luq and i K) 
res[)ectively, are tests of the resol viinq [)ro[jerly of the 

and j:-inch objectives, both of which have been ein^ravcal 
Irom [jhoto<qra[)hs taken by the late Dr. Redmayne, of 
l>olt(Ul. 

Navicula r/ioniboitfcs, shouai in l^dV. rii, is usi:d as a test 
tor the ith (dijective and higher powei'^. It is rather a 
difficu.lt chditom to lesolve properly witlunit accessories, but 
">^11 the Powell and Lealaud oil-immersion condeiisei- it 
may be mamuqed without much trouble. 
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Ainphiplcura pcllncida^ shown in Fig. 112, is a most 
difficult diatom to resolve ; indeed, it cannot be accom- 
plished by any dry objective save ^ 
of the widest aperture, and even Jl!|p 4 
then it requires most careful ^ 

attention to the details of illu- |n'j|| i i || 

mi nation. \ il 

Dr. Woodward considers this r\.'\ ‘ \ § Il 

frustule to be the most usefid /i;.- ,| ■ 

test for immersion (objectives f- ‘ n fty 

of power and higher. The f: ' 'A fe| 

resolution into lines is not so 1 . M iill'' 


m- n 



ii Rf 


Kh;. 1 10. 


I 'n; 1 1 1 


I'lu. 112 



NOnERl'^S TEST PLA TE. 


1 19 

difficult, when compared with that into dots. Mr. Wcnhani, 
when describing his new illuminator for diatoms, slates 
that he was never sirr.cessful in the patient manipulation 
reejuired to resolve this diatom by the old methods of 
illumination. 

Allusion has already been made to the variations likely 
to occur in the markings upon tlie frustulcs of diatoms 
and the scales of insects. In order to avoid these irregu- 
larities, the late Ilcrr Nobert of Pomerania issued a series 
of test lines ruled upon glass, each band containing lines of 
a definite number to the inch. The most i)0[)iilar is that 
known as the 19-band plate, containing lines to the inch as 
under: — 


li.liul. 

Nunibcr of Sp.io's 
f)<;r Inch, .iboiit. 

15 . 111 ( 1 . 

Niiiiibci of .Sp.u'cs 
per liu h, .ilioiit 

J. 

1 1,300 

XI. 

6S,coo 

II. 

I 7 , 000 

XII. 

7 5 , 01 H ) 

III. 

22,500 

XIII. 

7<),oeo 

IV. 

2<S,(K)vJ 

XIV. 

,000 

V. : 

31,000 

XV. 

90,000 

VI. 

39,Soo 

XVI. 

tj(>, 0 ( >t ) 

VII. 1 

45 ^ 5^0 

XVJI. 

101 ,000 

VMl. i 

51,200 

XVIII. 

i I oh, ^00 

IX. i 

56 , Soo 

XIX. 

: n 2 ,(joo 

i 

62 , 500 

i 

i 


Herr Nobert often expressed his opinion that the last 
four bands of this plate would never be resolved by any 
objective ; but after inspecting Dr. \Vof)dwar(rs j)li(;t<)- 
graj)hs of the whole series, he produced another “ [>late ” 
ruled to the twentieth band, the tenth on which cor- 
responds to the nineteenth on the old, the twentieth band 
being ruled at the rate of 200,000 lines to the inch. 

Herr Moller produces what is called a tcst-platte,” 
containing 20 diatoms, mounted dry (fr in balsam ; they 
^e arranged upon the slide in a row, at the beginning and 
end of which is a specimen of linpodiscus (iry;i(s. d'he 
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follov/irij^ is a list of tlic diatoms on this “ tcst-plattc,” 
with tlic number of striations to the inch, as j^iven by 
M<;rlcy : 


I . 


Xuinbcr of Slri:L‘ to the fnch. 


I. 'rricciatiiiin favus 


3,c)r)() 

to 

3,oSo 

2. riiimilnria iiobilis 


IO,SCK 3 

16,300 

, , 

12,500 

Naviciila lyra ... . . 



18, 500 

4 * - 


25,000 

, , 

27,000 

5. rinmilai ia iiit(‘rru|)ta 


26 , 500 

,, 

26 , 8oc^ 

(i. StamoiR'i^ I’li'i iiicc-iiteroH 


31 , 100 

,, 

33,000 

7. ( lraimnal<)])liora marina .. 





S. l*l(“ur(»'-.iL;ma liallicinn 


31,500 

, . 

34,300 

9. ,, acuminatmii . . 


42 , 700 



lo. Nil/'^diia amphyoxis 


42,900 

, , 

45 , 3 o<^’‘ 

II. I'It‘ur<t-iL;ina anmilatiim 


43 , 8(jo 



12. di.unmaiojiliMi.i -ulilili . 


6 1 , 200 


61 ,700 

15. Sni ii<‘lla ^rmina 


51,400 

,, 

54,800 

14. Nit/si'hi.i .simnoida 


(>3 , 000 

,, 

f’3,300 

I c;. IMiairosiinn.i fasciola 


55,500 

,, 

56,500 

if). .Siiiii\‘llu i^cmma 


63 , 000 


70 , 400 

17. Cymati)])Irura dlijitica 


^^^300 


82,200 

iS. Naviciila I'lMssima vis 


79,400 

,, 

19. Nit/si'liia ciiivula 


84,500 

, , 

84 , 700 

20. A inplii] ilciira pellucid. i 


92 , 700 


92,900 


It has alrcad}' been mentioned that the resolving 
[K)\ver of ()l)jecti\'es depends entirely uj)on their a[)erture, 
with the excellence of their corrections for colour and 
s[)hericit\\ 

Objectives of low angle are generally made w ith posterior 
lenses of such a si/e as to exclude the extreme uncorrected 
marginal rays, tu' if this is not done the margins are cut off 
by a diaphragm. 'The utilised portion is very fairly 
corrected for colour, but nevertheless the spherical aberra- 
tions, though small, must exist ; on the other hand, wade 
apertures rct|uire large back lenses, tlie rays from which 
caniKU be cut off by a diaphragm without reducing the 
angle, and therefore the corrections have to be applied to 
the more ol)lic[ue‘ pencils ; and chromatic aberration can 
scarcely be corrected without at the same time affecting 
the s[)herical in a very great degree. 



/J/J//^7^S/OX OBJ EC /VI v:s. I 2 [ 

• 

Tlic value of wide pencils was first put into practical 
form by Hartnack, who made in tlie ordinary course of busi- 
ness water-immersior> objectives iitilisiin^ pencils of lioht 
approaching to 170'' in air; a drop of water was placed be- 
tween the objective and the object, and thus by passing;' 
through a denser medium, rays of light entered the object- 
glass which could not possibly enter from air, gix ing at the 
same time a considerable working distance for the higher 
powers. Some years afterwards Mr. J. \V. Stephenson, 
whose name has been already associated with the erecting 
Ijinocular, conceived the idea of substituting for \\'ater, in tlie 
immersion objective, a fluid Iiaving the same refracti\’e and 
dispersive [lower as crown glass; fourfold s)'stems u[)on 
this [)lan were calculated by Professor Abbe and made by 
Carl Zeiss, the o|)tician of Jena, of and J ecjiii valent 
foci. These objectives liad a ].>alsam angle of 113’: 
greater than the maximum of 180 in air, in the ratio 
of 5 to 4. 

Messrs. Pow’ell and Lealand have recently constructed a 
homogeneous - immersion objective of ,h-inch e([uivalent 
focus, with a numerical a[)erture of i '43 or 140’ balsam 
angle, with two extra fronts, one of which gives an ajierture 
of I *28 or 115'’ balsam angle, w'hile the other [irovitles an 
aperture of I'O, or 82’ in balsam. Whth an a])erture of 
1 '43 the working distance is O'OO/ inch; the a[)erture of 
1*28 gives Cl focal distance of O'OlGinch; w^hile with the 
numerical a[)erture of I'O the working distance is u '024 
inch. 

It was the existence of these immersion objectives and 
their various angular values w'liich led Professor Abbe to 
investigate the general principles of microsco[)ic vi.sion. 
He tells us that “the very first step of every understanding 
of the microsco[)e is to abandon the gratuitous assungition 
of our ancestors, that microsco[iical vision is an unilatiun o( 
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macroscopical, and to become familiar with the idea that it 
is a tliini^f sui p^cneriSj in rei^ard to which nothini^ can be 
legitimately inferred from the opticali phenomena connected 
with bodies of large size.” 

Professor Abbe discovered the fact that the microscopical 
image is the result of diffraction, or the consecpience of 
those changes which are produced in rays of light by their 
interception by minute particles; the rays arc collected at 
the back of the objective*, where they depict the direct and 
spectral images of the source of light, reaching in their 
further course the plane which is conjugate to the obje ct, 
and give rise there to an interference phenomenon, which 
gives the ultimate image observed by the eye-piece, and, 
therefore, the image depends essentially on the number and 
distributi(m of the refracted beams which enter the objec- 
tive.‘*‘ h'rom this it a[)pears that the larger the number of 
diffracted rays admitted into the objective the greater like- 
ness to the object will the image possess, a true image being 
only produced when ali the diffracted rays from the object 
arc admitted. 

Dr. G. Blackham, in a paper read before the Microscopical 
Congress at Indianapolis, August 15, 1878, said, “Now, 
if it is the function of the objective to collect and bring to 
a focus rays of light too divergent to be received by 
the unaided eye . . . the more of these lost rays that 
a given glass can so collect and bring to a focus the 
better the glas.s,” and “one would naturally ex[)cct to find 
that the improvement or evolution of the microscope was 
accompanied by an increase of the angular ai)erture of the 
objectivc.s, and this, indeed, we find to be the case.” Un- 

It is dearly beyond the scope of a work Mich as this to enter liilly into the 
details of this most iinpo*tant question. 'I'hosc wlu) wi^li for a inoie complete 
ilissertation are leferred to the Ajnil iiuml)er of the ‘ buirnal of the Royal 
Microscopical Society’ for 18S1, where also Professor Abbe’s paper “On the 
Estimation of Aperture’’ may be found. 



THE VALUE OF WIDE APERTURES. 1 23 

_ * 

aided, the luiniaii eye Avill only admit pencils of about lo^, 
and as light is dispersed from every point of an object to 
an angle of i8o^, thoae glasses which approach infinitely 
near this latter angle must give a more correct image of the 
object that those of small apertures'. 

When we appreciate the above facts we shall be able to 
estimate the value of immersion objectives, which enable us 
to collect and gather to a focus rays which cannot possibly 
enter the microscope when a film of air exists between the 
objective and object. The editors of the ‘Journal of the 
Royal Microscopical Society’ have given diagrams of the 
relative diameters of the utilised back lenses of dry and 
immersion objectives of the same power, commencing witli 
an air angle of 60'"* and ending with the homogeneous 
hemisphere of 180'' balsam angle, which has nearly the same 
refractive index as crown glass. Tliey also add, “Thus, if 
we commence with an air angle of and proceed l.)y 
successive additions of lo"’ up to 180'’ air angle, passing 
then to 82'’ balsam angle, and again progressing to the 
.nearest practicable approximation to 180'’ l>alsam angle, 
the emergent pencils will show a continuous increase ; there 
is no break at 180^ air angle, nor does anything abnormal 
appear at that point, but we have a regularly progressive 
series from the lowest air angle to the highest balsam angle.” 

It has been urged by some, that all those rays e([uivalent 
to more than 180'' air angle are not imrige-forming rays, 
but this assertion has also been dealt with in the same 
journal. “ The simplest experiment of all is to take a 
homogeneous-immersion objective of large aperture, say 
I *25 (i 10'’ balsam angle), and place a stop of tin-foil on the 
back lens, leaving only a small clear annulus of the extreme 
marginal rays. With sufficient ob]iquit>*of the illumination 
the image of the object will be seen j)erfectly delineated 
either on a bright nr dark field.” 
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An immense amount of discussion took place in reference 
to these lenses in England, nearly all the opponents to the 
system av^errin<r that by the use (jf immersion fluid the 
aperture was cv// down ; that, in fact, rays which were 
e([uivalent to more tlian irSo' in air were of no practical 
utility, even if tliey could be made to enter an object-^lass 
and form an ima';;e. 'I'he editors of the ‘Journal of the 
Ro) al Microscnj)ical Society,’ on [)a^e 305 of the ‘ Journal,’ 
w riti* : — “ The ‘aperture (piestioii ’ will ever hold a most 
promiiK'ut place in the history of the microscope, represent- 
in*.^ as extraordinary a series of mistakes as were ever ct)m- 
mitted in any branch of science, and in which (down to 
comi)aratively recent times) both the leaders and the rank 
aiul file were eciually inv(.)lved. ‘ A[)erture’ may be said to 
have been the Jiaschisch of the microscopist ; when that lias 
formed the subject of consideration, the simplest and oldest 
established (Optical jainciples have not been disre^^arded 
merely, but their very converse tacitly assumed, as if the 
i;re-at oj)tical ph)'sicists of tin's and the [)re\'ious century had 
never lived or had written nothing* that was wortliy of con- 
sideration ! ” 

Some tw'elve yc'ars since, when the enlargement of a])er- 
ture of the objective was being effected, Mr. J. Ik Dancer, 
of IVlanchester, a[4)lied a graduating ilia[)hragm of scpiare 
aperture tc:) the back of the objective mount. This he dis- 
covered gave a certain amount of [:)enctration ; and when, 
some }'ears after, I’rof. Abbe published the fact that pene- 
tration decreased as aperture increased, several of the leading 
opticians furnished a small aperture diaphragm w ith w itle- 
anglc objectives ; but nothing seemed to be done to propa- 
gate the doctrine that i)eiietration could be obtained from 
w i d c- a n gl e obj ec t i v'C s. 

h'or some time past the author had been in the habit ot 

*■ Sci ics li. \ ‘> 1 . 1. j>ail 2. 
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rcducini^ the aperture by means of perforated metallic 
discs, and these finally ^ave way to an iris dia[)hraipn 
placed above the objective, as shown by h'iL;'. \ { 2 \ The 
construction (T this “ aperture 
sluitter” is mucli like the aberro- 
meter of Dr. PiL;^ott, but its ap- 
jdicatitm is quite distinct. 

Starting, we will presume, 
with a t_inch objective of 75 
air an^le, by gradually closing 
the shutter there will be found a i)osition at which tin* 
whole depth of a moderate-sized Foraminifer may l)c‘ seen 
at one focussinq, and a wide-anqle i-inch ma)^ be similarly 
made to show the whole of such a funqus as M yxotrichinu 
({cficxuju, 

ilavinc^ become somewhat confusetl in our nomenclature 
of apertures, on account of the une(|ual value of tin.' same.* 
as expressed in degrees, Professor Abbe introduced a 
s)’stem based on his own ex'periments and used in hai inony 
with existing but older optical laws. Under his hand tlu‘ 
air angle (T i8o'^ w^as identical with the water angle ol' 97 ' 
and the balsam angle of 82"^', but instead (T giving them 
three separate values he introduced the term “ Numerical 
Aperture,” equivalent to i 'O in each of the three above 
instances. The nmncrical af>crtnyc is easily obtained by 
multiplying the sine of the semi-angle by the refractive 
tndex of the fluid in which that angle lias been measured : 
this is the meaning of the formula : 

n sin ii — 

where 11 = the refractive index of the medium ; sin // -- tlie 
sine of the semi-angle, while a = the numerical aperture. 

The table upon the next page has beev printed for many 
montiis upon the cover of the ‘Journal of the Royal Aiicro- 
scopical Society.’ 
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I )i;<ffj(;tcrs of the 
I’.'ick Lcir es of varitMis 

I )ry ami Iiumcr-iun 
Objectives of the same 
Tower (i in.) from 
o’ 5'> * *5-^ N. A. 










rMf'Ktr Ai. 

I'KRTUKK. 

sin 71 ~ a.) 

1 Angles 

i - - - 

i P^y 

( )lijef-li\ cs. 

, 0^-1) 

of Aperture (= u 7/). 

Water- i 
r.„.„crMo„' 

• Immersion 

Objecl.ves. ,,i,:,eiives. 

Ilfiimi- 

naling 

Tower. 

Theoretical 
Resolving 
I’ower, in 
Lines to an 
Inch. 

(A =: o-t^ahoju, 
= line I-..) 

1*52 

! 


/ 

i 180 0 

2'3I 

146,528 

1*50 




; 23 

2 '25 

144,600 

1-48 

i 



i 153 39 

2' 16 

142,672 

I *46 




j 147 42 

2-13 

140,744 

1-44 

1 



: 142 40 

2' 07 

138,816 

1-42 




! 138 12 

2 '02 

136,888 

I *40 

• 



i 134 10 

I -96 

134.960 

1-38 




! 130 26 

I '90 

133.032 

1-30 




126 57 

i'85 

131 , 104 

i ‘34 




123 40 

I '80 

129, 176 

i '33 



180 0 

122 6 

i '77 

128,212 

1*32 



165 56 

120 33 

• ‘74 

127,248 

1-30 

* 


'55 3 « 

1 17 34 

I '69 

125,320 

I -28 

1 


148 28 

1 14 H 

X ’64 

123,392 

I ’26 



*42 39 

III 59 

I ‘59 

121,464 

1*24 

• 


147 36 

109 20 

i ‘54 

"9.536 

I 22 



*33 4 

rpG 45 

I '49 

1 1 7 , 608 

1*20 



*28 55 

104 15 

I '44 

1 1 5 , 680 

I • 18 

• 


*25 3 

roi 50 

I ‘39 

113,752 

I • 16 



12 1 2O 

99 29 

I ‘35 

111,824 

1-14 

. 


1 1 8 00 

97 II 

i'30 

109,896 

I * 12 



114 44 

94 5 ^> 

I '25 

107,968 

I • JO 



III 36 

92 43 

1*21 

106,040 

1 -oS 



108 36 

•90 33 

I'I 7 ! 

^,112 

I ‘oG 



105 42 

88 26 

I ' 12 i 

102, 184 

1-04 



102 53 

86 21 

I ’oS 1 

100,256 

1*02 

. 


100 10 

84 18 

i'04 i 

98,328 

I ’O 

I So 

0 

97 31 

82 17 

I 'oo ; 

90,400 

0 • 98 

157 

2 

94 5 ^^ 

80 17 

‘ 9 ^> I 

94,472 

0*96 

147 

29 ■ 

92 2.| 

j 7S 20 

•92 i 

92,544 

0*94 1 

140 

6 ; 

89 56 

i 76 24 ! 

'88 1 

90,616 

0 • 92 

133 

51 i 

87 32 

1 74 30 

•85 : 

88,688 

0 • 90 

128 

19 1 

85 10 

72 36 

i -81 i 

86,; 60 

0-88 

123 

17 : 

82 51 

70 44 

•77 1 

S 4,!532 

O’ 86 

n8 38 1 

80 34 

! 68 54 

■74 

82,904 

0*84 

1 14 

17 1 

78 20 

! 67 6 

•71 : 

80,976 

0*82 

1 10 

10 1 

76 8 

65 18 

■67 i 

79,048 

o’So 

106 

16 1 

73 58 

(>3 31 

'64 ! 

77,120 

O' 78 

102 

31 ! 

71 49 

61 45 

'61 1 

75,192 

O' 76 

98 56 ! 

69 42 , 

60 0 

•58 1 

73.264 

0 74 

95 

28 i 

67 3<^ 

58 16 1 

*55 1 

71,33^; 

072 

92 

6 j 

^^5 32 

56 32 1 

•52 i 

69 , 408 

O' 70 

88 

51 

63 31 

54 50 ! 

'49 1 

67,480 

0 ' 68 1 

85 41 ( 

6i 30 

53 9 ' 

■46 ; 

65,552- 

0'66 j 

82 

3 f> 1 

59 30 

51 28 , 

■44 : 

63 , 0-’4 

O' 64 1 

79 35 

57 31 

49 48 ■ 

•41 

61,696 

O' 62 

76 38 i 

55 34 

48 9 ; 

•38 , 

59.76S 

q'Go 

73 

44 : 

53 38 

46 30 

• 3 ^'> 

57 ,f ^40 

O' 58 

70 54 

5 * 42 ' 

44 51 

•34 

55-912 

0*56 

68 

6 

49 48 , 

43 14 

’31 

53 - 9^4 

0*54 


22 

47 54 

41 37 

■29 

52,056 

0-52 

02 

40 

4(1 2 

40 0 

'27 

50, 128 

O' 50 

60 

0 

44 

38 24 

•25 

48 , 20(J 
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THE COLLECTION OE 01\JKCTS. 

Tr has been the authors endeavour to persuade the student 
to take up some special branch of study witli the aid (;f the 
microscope, and with this end in view the followini;- chapter 
has been written, showing; where certain objects are to be 
found, what apparatus is requisite for their collection, what 
to collect, how to collect, and when gathered, how to 
preserve them for future examination under the micro- 
scope. 

Collectors of experience will not require to be informed 
on many of these points, and therefore to make the chapter 
intcrestiniy to more than the mere student a list of works 
treating on each subject has been appended, and also the 
names of several species under each heading in order that 
tlie possessor of a microscope may know what slides to 
purchase should he desire to fill a cabinet in that manner. 

The author would strongly advise the young student to 
refrain from Hitting hither and thither over the whole range 
of microscopical objects. It is not enough to be able to 
jiame a few rotifers or rare diatoms, such knowledge is of 
the shallowest kind ; but if he sets himself to work to study 
tlic life-history of some hitherto obscure organism, or the 
anatomy of an insect, the outward form of which he is alone 
familiar with, he may rely upon it, he will be useful in his 
generation. 

Most collectors have their own metliod of gathering 
specimens, and are very conservative on this point, but the 
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telescopic walkinj^-stick with all its fittings as shown in 
Fig. 113, is an article generally used by all. There are 
generally sui)[)lied with it, a ring to carry a fine muslin net, 
a ring to hold a bottle, a weed knife, a spoon, and a drag 
hook for weeds. 



Mr. baker, of llolborn, suj)plies the article in rather a 
different form : the boltcun ring is not clamped by a serc'w 
as shown in the figure, but is furnished inside with a thread, 
into which is made to screw the neck of one (.)f the York 
(rlass Co.’s bottles. 

I^)r maii)^ purposes a })ond scoop is rc([uired, such as for 
scraping the surface of the mud at the bott(.)m of pools 
when searching for Oscillatoria, &c., and if it is made io 
screw into the end of the collecting stick it will be very 
C(uivenient. It is simply a ring of 
tinned iron about 5-inches in dia- 
meter and I -inch deep. Both edges 
are “ wired,” as the tinsmiths calk 
it, so that a piece of thin muslin or 
stout gauze may be stretched tightly 
over it. It is shown in Fig. 114. 

Some collectors prefer to secure tlic muslin over tlie 
scoop with a firm ^elastic band, so that after collecting it 
may be removed and folded up for transport home — and 
perhaps this is the better plan. 
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The tow-net, Fig. 1 15, is of great use in collecting marine, 
and even river or lake objects. It is made of fine but strong 
muslin, tied at the large end round a wooden hoop, while 
the nethermost extremity is secured round a small wide- 
mouthed bottle, so that the more deli- 
cate organisms may find their way 
into it, and so be out of the way of 
the currents caused by the passage 
of the net through the water. 

The tow-net, as illustrated, is fur- 
nished with an interior net, which, 
acting as a valve, prevents the escape 
of organisms which have once been 
enclosed. 

Aquatic organisms, whether animal 
or vegetable, are met with in all kinds 
of water ; even the tap water supplied 
by some of our corporations is ex- 
tremely rich in specimens, while in 
clean ponds the collector will not fail 
to find a host of treasures; in impure 
streams and pools, containing sewage 
and other decomposing matters, only 
such common animalcula as Para- 
mecium anrelia arc to be found. 

Other objects are fixed upon stones 
ahd weeds under water, and little 
pieces of dead stick are often found 

^ Vie.. 1 1 5 . 

covered with interesting objects. 

When the water is not rich in specimens, it may be 
necessary to concentrate them by straining off the super- 
fluous water, which may be effected by using the filter 
shown in Fig. 1 16. It consists of two small funnels passing 
through a cork as shown in the figure, the one which is 

K 
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inverted in the bottle being covered at the mouth with ver} 
fine muslin. The water containing the organisms is pourcc 
in at the top funnel, while water oijly issues from the stem 
of that inverted in the water. 



Fig. ii6. Fig. 117. 


This operation may be continued until the bottle is well 
stocked, when the contents may be carried homewards for 
examination. 

Wdien an organism is required to be removed from a 
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bottle of water, a tube or tubes of the form shown in 
Fig. 1 17 will be found necessary. They may be cut from 
ordinary glass tubings by making a cut with tlic edge of a 
three-square file, and breaking it in two with the fingers. 
The sharp edges should then be fused by holding in the 
flame, finally allowing to cool gradually. The bent tubes 
may be made by taking a length sufficient for two tubes 
and softening the middle portion in the flame of an 
ordinary gas burner or spirit lamp, and when sufficiently 
softened the two extremities arc to be pulled asunder so as' 
t(^ form a couple of tubes of the form of B, l^dg. 117, they 
can then be cut asunder with the file and the edges fused. 
The form A is produced in a similar manner, the softened 
portion being drawn out obliquely. 

It is a great mistake to load oneself with a host of 
paraphernalia. The labour of carrying a heavy pack often 
destroys what might otherwise have beem an enjoyable 
excursion. 



1 18, 


A set of half-a-dozen small corked bottles or tubes, and 
as many small tinned boxes, will complete the collector’s 
outfit A small but handy pocket collecting case was 
introduced several years ago by Stanleyf of T. on don. (Sec 
Fig. ii8.) 

The objects having been collected, the next thing is to 

K 2 
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find out what they arc, genus and species, often no easy 
task for the beginner. 

One way of getting over the diffic;jlty is by consulting 
tlic books mentioned under each heading — nearly always to 
be had at the free libraries — often a long, laborious, and 
unsatisfactory task ; while the other is by sending the 
s[)ecimens in a tube to a friend or naturalist of repute. In 
the event of one not being known, the author has much 
pleasure in suggesting the name of Mr. Thomas Bolton, 
who for several years has established a naturalist’s studio 
in ]hrmingham.* A word to such inquirers — never forget 
to enchxsc a stamp for reply : many forget this, and thus 
the willingness of the naturalist to furnish information 
gratis becomes a serious tax upon his pocket. 

We may now pass on to the enumeration of many 
objects of interest ; but let it not be for a moment 
supposed that it is possible to give a complete list of 
objects suitable for microscopic study. The main wish 
of the author is, to put before the reader something he 
may collect easily, in the hope that he will become 
interested in the study of the details of some one of 
them. 

AlCi.I'.— T he members of this class of Thallophytes may 
be found almost anywhere, in ditches, streams, ponds, and 
even in the small pools of waiter lying in the hoof>prints of 
animals upon clayey or boggy soils. One of the most 
interesting of the Algee is the Volvox globator 119), 
which, however, is very uncertain in its habitat. Wherever 
found it is usually plentiful AH the frc.sh-watcr Algm may 
be collected by the use of the appliances already mentioned. 
Many Oscillatoriie grow upon the surface of the mud at the 
bottom of pools, and so require the scoop shown in Fig. 114. 

1 lu* hole collection, including mud, should be wrapped up 
in the muslin, and carried home in that state for examina- 
* 57, Newhall Street, Birmingham 
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tion. The remainder of the Algm may be carried home in 
tubes or bottles, and upon arrival should be emptied into 
small aquaria formed of wide-mouthed bottles or small 
propagating glasses turned upwards, the knob resting in a 
hollow support. Whether 
minute or not, the gatherings 
should be examined on the 
spot with a platyscopic lens, 
to prevent the loading of one's 
seitchcl with useless speci- 
mens. 

Marine Algm furnish many 
beautiful objects for the 
microscope, and can be easily 

collected upon many shores. 

^ ^ 1 m (;. 1 19. 

Perhaps of all places, Tenby, 

Torquay, and the Mumbles near Swansea are the best 
hunting grounds. The various species of Cladophora, 
Ptilota, Dasyei, Bangia, Ceramium, and Griffithsia all form 
good objects. 

Books which may be consulted : Rabenhorst’s ' h'lora 
Europsea Algarum ’ ; Griffiths and Henfrey’s ‘Micro- 
graphic Dictionary'; Johnstone and Croall’s ‘British Sea- 
Wceds ' ; Ilassall’s ‘Fresh- Water Algrn/ 

Animalcui.es. — Taking this term to apply to the 
Infusoria and Rotatoria the student will find a good field 
for study. It is scarcely possible to find a drop of water 
which has been for any length of time exposed to the 
air, not containing cither Infusoria or Rotatoria. In some 
waters they are found in but few numbers, while other 
localities literally swarm with them. In the former case 
the .pond-filter shown at Fig. 116 will* be found valuable. 
The organisms may be taken from the pond or stream by 
means of the stick and bottle, and after straining, the 
residual water carried home in the cork tqbes or bottle 
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which the collector may have with him. A word of advice 
to the student : Do not overcrowd the organisms, and do 
not leave any portion of the bottle tube filled with air 

if they arc to be exposed to 
shaking or concussion. On 
arriving home the contents of 
the tubes nuiy be emptied into 
small aquaria improvised from 
broken wine glasses, or — better 
perhiips — the tube can be stuck 
through the centre of a large 
cork and floated in a vessel 
of water to maintain an equal 
temperature, when the organ- 
isms can be easily abstracted as 
required by means of a dipping 
tube. 

Amongst the Infusoria the 
Eiiglciia viridiSy Paramecium 
aurcluiy and Coleps hirtus are 
good objects for study ; of the 
Rotatori£i, A nunea lougispina 
has been found in the tap water 
furnished by the Birmingham 
corporation, and others are to be 
met with in the same habitat, 
notably Triarthra lougiseta and 
Salpina rednnea. 

Meliccrta riugens, the tube- 
building rotifer (Fig. 120) is a 
beautiful object, and should be carefully searched for; it is 
frequently found attached to water plants, such as the 
Pota}}iogeton crispus, or large-leaved pond-weed; the 
charis alsinastrum and Myriophyllum spicatum. 



Fig. 120. 
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Books zvkich may be coiisulted : W. Savillc Kent’s 'A 
Manual of the Infusoria’; Griffiths and Henfrey’s ‘The 
Micrographic Diction^yy ’ ; Pritchard’s ‘History of the 
Infusoria.’ 

Arachntda. — T his class of animal life containing the 
spiders may become very interesting and instructive objects. 
It seems hardly necessary to say where they may be found, 
or how to collect them ; but it may be necessary to enjoin 
keeping them moist when they are required for permanent 
objects or for dissection ; diluted glycerine or diluted acetic 
acid will effect this. 

The respiratory system, the circulating system, the spin- 
ning organs, and even the eggs, are very interesting, but a 
knowledge of dissection must be gained before the student 
can make a successful study of this branch. 

The Arachnida arc very plentifully distributed — the mites 
or Acarini, such as the A cams domes ticas (cheese mite) and 
the A cams farhice (flour mite) arc good objects for the 
^-inch objectives used binocularly, either alive or wlien 
mounted without pressure. 

Books iv/iich may be consulted : ‘ Micrographic Dictionary ’ ; 
Blackwall’s ‘British Spiders’ (Ray Society); Walker’s 
‘British Spiders’ (Ray Society). 

Anlmal rREPARATlOXS. — The number of tlicse oljjects 
is legion ; and little else can be done here tluin to say that 
animal preparations, as a rule, require special preparation 
And treatment. Still there is the raw material to collect, 
and this should be carefully preserved, in order that when 
examined, its characters shall be faithfully delineated. 

The hairs of animals and scales of fish present no unusual 
difficulties ; but such subjects as skin, tongue, liver, lung, 
&c., should be reserved until the .stud(^it lias become a 
moderately expert experimentalist. Frogs, mice, rats, rab- 
bits, and guinea-pigs arc generally pressed into this service. 
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Books 10 hick may be consulted : How to Work with the 
Microscope/ Beale ; Brunton, Foster, Klein, and Sander- 
son’s ‘Handbook for the Physiological Laboratory’; Syl- 
vester Marsh’s ‘Section Cutting’; Rutherford’s ‘Practical 
J listology/ 

Crustaci^:a. — In this branch are specimens innumerable, 
the Juitomostraca being included under this head. They 
may all be taken with the appliances already mentioned, 
and what will do for Infusoria will also be sufficient for 
Crustacea. Daphnia pnlcx^ the water flea ; Cyclops qnadri- 
coniis : Cyprus trisiriaia ; Argnlus foliaceus, the fish louse ; 
A sell ns vulgar is y the water wood-louse; Gaimnarns pnleXy 
the fresh -water shrimp; Bosmina longirostris (Fiy. 121); 
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Chirocephalus diaplianus, the fairy shrimp, arc all to be 
found in easily accessible ponds during the spring, summer, 
and autumn. ^ 

Books lohich may be consulted: Baird’s ‘British Entomo- 
straca’ ; ‘ 'Fhe Micrographic Dictionary.’ 
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Diatomace^. — This probably hcis been the most attrac- 
tive class to nearly all microscopists. Diatoms arc a family 
of Confcrvoid Al^x, hi which the protoplasm is enclosed in 
silicious valves, generally covered with very fine markings, 
the nature of which has not yet been satisfactorily made 
out. They arc found in fresh, brackish, and salt water, 
adhering to plants and stones, or scattered amongst peat, 
water mosses, or Oscillatori^e, and even upon damp ground. 
Nothing is easier than their collection, but of course it is 
not always possible to meet with the specimens desired. 

Diatoms arc often found in the stomachs of fish, especially 
crustaceans and molluscs, and several species have been 
found in the internal arrangements of Noctiluca iniliaris, a 
small exceedingly transparent organism of tlic size of a 
grain of mustard seed, causing a phosphorescence in the 
sea. 

A little experience will enable any one to find and to 
gather all he may desire. Those living in the city can 
easily procure many beautiful varieties by simply fastening 
a muslin bag like an umbrella cover to the hydrant. After 
securing a quantity of the sediment, empty it into a large 
fruit jar or other receptacle nearly filled with water, and let 
it settle. 

The green, brown, or fawn-coloured scum on the surface 
of pools, bogs, and marshes, is mostly diatoms, and it may 
be taken up by means of a spoon or bottle and preserved, 
‘always in alcohol and water, or dried upon pai^er. The 
living weeds should be taken carefully from their location 
without much compressing or washing. The finer water 
plants yield the richest harvest. Fresh-water forms are 
sometimes found hanging in green-coloured masses from 
drains, sluices, and water-pipes. To gather from the lake, 
a net of fine muslin, having an opening in the bottom in 
which a wide-mouthed phial is tied, may be towed at the 
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stern of a steamer. The sediment left in the bottom of 
pails, barrels, and other vessels contains a ^ood supply. To 
obtain varieties not found at hoiue, open a correspon- 
dence with gatherers in other localities, who will gladly 
exchange. 

Dr. Redmayne, in a short communication to ‘ Science- 
Gossip* in 1875, described the simple arrangement for 
diatom collection shown in Fig. 122. 



Kic. 122. 


A cork must be [)rovidcd which fits the collecting bottle 
tightly ; this is to be bored with two holes : in each is fitted 
a glass tube as shown in the figure, one having a slight 
curve a, the other b bent at right angles an inch from 
the end. To the tube b is attached a piece of indiarubber 
tubing about the length of the collecting-stick, and the free 
end c may be held in the hand or fastened to the stick 
with .1 small elastic band. 

io use the apparatus, the thumb of the right-hand must 
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press the tube firmly against the stick at c and the bottle be 
lowered until the mouth of the tube is within a quarter of 
an inch of the diatoms ; the thumb is then to be raised, and 
if the water is deep the bottle will fill by atmospheric pres- 
sure, carrying in the diatoms at the same time. In shallow 
water suction will be necessary to exhaust the air in tlie 
bottle, in which case the bulb pipette shown at B in the 
same figure will be useful as a mouthpiece. 

In the collection and recognition of 
diatoms, the student will find Professor 
lirown’s pocket microscope a useful ad- 
junct, as it is furnished with a deep 
eye-piece and objectives of an inch, and 
a fifth of an inch focus. It is shown in 
Fig. 123. 

Great care should be taken in the 
collection of diatoms, so as to have them 
in as pure a state as possible, as it is 
not easy to separate them from foreign 
matter when it is mixed up with them. 

The late Dr. Redmayne placed the 
gathering in a long bottle in the sun for 
a few hours, the lower half of the bottle 
being covered with black 2)aper. The 
free diatoms separate themselves from 
the mud and come to the surface, and 
can thus be removed. Fig. 123. 

F'ossil DiatomacCcX also exist in im- 
mense quantities in various places. The large deposits of 
guano, the Bermuda deposits, the Berg-mchl in Norway, 
the Mourne Mountain deposit in Ireland, the recent dis- 
covery .of diatoms in the London clay by Mr. Shrubsole, 
and the still more recent discovery in Llyn Arcnig Bach, 
about midway between Bala and Festiniog, in North Wales, 
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show that the Diatomaccai arc, and have been, very widely 
distributed. 

Some collectors may consider^ the pocket microscope 
shown in Fi^^. 123 not steady enoiigli for general use, and 
therefore may prefer the form shown in Fig. 124 as made 
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by Mr. Browning and others ; it is exceedingly portable 
and very steady, as the author can testify from its practical 
use when travelling in North Wales. 

Amongst the diatoms which may be singled out for 
examination are Plcurosiguia augiilatuvi (Fig. no), P, 
foruiosiuji (Fig. 109), Naviciila finiia (Fig. 125), N, lyra 
(h'ig. 126), N, rhomboidcs (Fig. ill), Isihinia cnervis, 
AracJuioidiscus PJi 7 'cnhergii, Mcridioii circulai'c, Diatovia 
vuIgarCj and a host of others. 

Whilst writing this chapter the author has received a 
tube of diatoms^ from Mr. Bolton of Birmingham, consist- 
ing of a number of species found attached to alga^ in the 
canal of that neighbourhood ; the most easily recognised 
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were : — Bacillaria paradoxa, Nitzschia sigmoidca, N. lanceo- 
latUy Grammatophora inarinay A mphiprora alatay Pinnitlaria 
7'adiosay and P, vUddis. ^ 



Fig. 125. 



Fig. 126. 


Books which may be consulted: — Rabenhorst’s ‘Flora 
Europx'a Algaruin ’ ; William Smith’s ‘ British Diato- 
macex ’ ; Catalogue of the Diatomacex', Ilabirshaw (now 
publishin<^) ; and Schmidt’s ‘ Diatomacean Atlas.’ 

Eciiinodfrmata. — The marine objects, star-fishes, sea- 
eggs, or sea hedgehogs, may always be taken at low water 
after a spring tide. In their earlier stages they are ex- 
tl'cmely interesting, being infusoria-like organisms, and 
often appearing without any internal structure whatever. 
They furnish the microscopist with abundance of material. 
The prickles or spines, hooks, and the pediccllaria make 
interesting and instructive objects. 

A section of Echinus spine is used £vs a test for the 
flatness of field in low-power objectives, while a section of 
a small spine may be used for the same purpose with higher 
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powers. A section of one of these may be seen delineated 
in 107. 

Books which may be consulted:^ Forbes’s ‘British Star- 
Fishes ’ ; Agassiz’s ‘ Echinodermata Viv. ct Foss.’ 

Fi^RXS require no special apparatus for collecting save a 
shai'i) h*hfc and a tin collecting box ; they form a very 
interesting study. The stem may be double stained, as 
described in the chapter on the staining and injecting of 
obj ects. 

How many microscopists are there who possess fern 
preparations in their cabinet, spores and sori, stems in 
cross and vertical section, double and single stained, and 
yet are totally unacquainted with the life-cycle of a single 
species ; who have looked at sori and spores innumerable, 
and yet never made the effort of allowing these to ger- 
minate, and to observe them in their various and strange 
mutations. 

The Lastrea filix-mas, or male fern, is one of the best 
species to study for the beginner, and there arc many 
others easily found, such as Athyriuni filixfiemina (lady 
fern), Scolopcndrimn vnlgare (hart’s tongue), Ptcris aqni- 
Una (common bracken), Adiantuni eapi/ins- Veneris (maiden 
hair), and many others. 

Jk)oks which may be consulted : Moore’s ‘ Index Filicum ’ ; 

‘ Handbook of British Ferns’ ; Newman’s ‘British Ferns’ ; 
J. Smith’s ‘Ferns, British and Foreign’; Hooker and 
Baker’s ‘ Synopsis Filicum.’ 

Foramtntfera. — These gelatinous, structureless ani- 
mals are mostly sought after for the sake of the shells, 
serving them as a covering. The shells arc pierced with 
holes, through which the animal protrudes its pseudopodia, 
using them as a. means of locomotion. They are found 
in largest numbers in the sand and mud from the sea- 
bottom, but may also be found on sea-weeds, and in 
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the fossil state in chalk, limestone, and other mineral 
deposits. From sea-soundings they may be procured by 
dissolving out the tallow in which they are collected, by 
means of benzine — any sort of benzine or benzoline serving 
this purpose. To obtain fossil Foraminifera from chalk, 
the pieces must be broken up small by means of a hammer, 
and then gently crushed in an iron mortar. The powder is 
then to be placed in a piece of coarse calico, tied up like a 
pudding, and put into a large basin of water, and well 
kneaded, until reduced to one-third its original bulk. The 
milky fluid is then to be poured off, until only one- fourth 
remains, and the operation of washing, by stirring up with 



fresh water, and allowing to settle, repeated many times, 
until a portion of the residue, on exarr^ination under the 
microscope, shows that most, or all, of the extraneous 
matter has been eliminated. 
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The illustration Fig. 127 shows a section of chalk from 
Gravesend with Foraminifera in sitiu 

Amongst others, Lagena sqnampsa, Orbitolites compla- 
natusy Polystoniclla crispa, and Nodosaria raphamis, arc 
very good objects. 

Jhwks zvJiich may be consulted: Williamson’s ‘Recent 
h'oraminifera ’ (Ray Society); Carpenter’s ‘Introduction 
to the Study of h'oraminifera.’ 

Fungi. — Micro-fungi may be found everywhere, and 
make a splendid study. Many of them, however, can only 
be examined successfully when in the fresh state, such as 
Penicillium crustaceum and Aspergillus g/aucus, the common 
moulds and mildews of our houses. Nearly every plant 
and tree is attacked at one time or another by some parti- 
cular species of micro-fungus, .so that the .student will find 
plenty of work in this class alone. We have the Puccinia 
gram in is upon the leaves and stems of standing corn, as 
well as Tilletia caries and Ustilago segetuin or smut, which 
fill up and dc.stroy the whole contents of the ear ; the 
PUcidium on the berberry bush ; TripJiragmium on the 
leaves of the meadow-.sweet ; the blackberry brand, Aregma 
bulbosum ; Colcosporinni synantheraruui on the colt’s-foot ; 
Cystopus Candidas on cabbages ; Peronospora iufestans on 
our potatoes ; Peronospora gajigUformis on lettuces ; and 
Ptronospora viciie on peas : a host of others being within 
easy reach. 

The micro-fungi shown in Fig. 128, are as follow: — 

a. Stac/iybottys lohulata. 

b. S. atra» 

c. Pt'uiciniufii sUopkilum {Oidium aurantiacum). 

</. Myxotrichum dejlextim, 

i\ 1 olyactis fascicularis, 

f SpoyQcyhe altcrnata {.Aspergillus alternatiis). 

g. Rhopalomyces pallidiis. 

/i. Papulaspora sepedomoides. 

i. Acremonutm alternatnm. 
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They have all been found upon moist cotton goods or in 
analogous situations. 

All that is necessary jn collecting micro-fungi is to well 
isolate each specimen, preferably by wrapping in soft paper, 
and placing separately in a small box. 



Books %vhich may be consulted : ' Outlines of British 
Fungology,’ by Rev. M. J. Berkeley, F.R.S. ; ‘ Handbook of 
British Fungi,’ by M. C. Cooke ; ‘Rust, Smut, Mildew, and 
Mould,’ by M. C. Cooke; ‘ Selectae Fungorum Carpologia,’ 
3n^ols., Tulasne. 

Infusoria and Rotatoria. — Nearly all that is neces- 
sary to say under this head has been given when treating 
of animalcules. Fresh-water infusoria may be collected in 
wide-mouthed bottles, and the individuals selected for 
examination removed by means of one of tide dipping tubes 
shown ill Fig. 117. The members of this class of animals 
are generally to be found attached to weeds. The beautiful 

‘ L 
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Stephanocerus Eichhornii is one of this class ; it is shown in 
Fig. 129. The author has before him at the present 
moment some leaflets of Myri/^phylliim spicatum^ the 
common water - weed, completely 
covered with M dicer ta ringens^ Flos- 
cularia cornitta^ Philodina megalo- 
trochay Limnias ceratophylliy En- 
chlanis dilatay and Codosiga botrytis. 
Most of these organisms may 
be obtained from Mr. Bolton’s 
studio. 

Books ivhich may be consulted (sec 
Animalcules). 

Insects afford an inexhaustible 
.series of treasures to the micro- 
scopist; but in order to examine 
these perfectly, a knowledge of dis- 
section must be gained. The head, 
cyc.s, legs, wings, proboscis, spiracles, 
and trachccie, all make instructive 
objects. Many are the kinds of 
insects that can be pressed into the 
microscopist’s service, the Siphonop- 
terUy or fleas ; the ParasiticUy 01 
lice ; the Dip ter ay or flics ; the 
Ilymenopteray bees and wasps : 
LepidopterUy butterflies and moths : 
Orthoptcray grasshoppers and cric- 
kets ; the Colcopteray or beetles, arc 
all too well known to require instructions when, how, and 
where to collect. 

Fig. 130 shov/s the male Dytiscus margiualisy or great 
water beetle, a very interesting insect to the microscopist, 
while Fig. 131 is a picture of the female. 
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The larvae too arc an interesting study ; this stage in the 
gnat, dayfly, and even of the Dytisens, Fig. 132, will amply 
repay the observer foi; the attention he bestows upon it. 



Fio. 130. Vie,. 131. 

When rccpiired fur immediate examination, no special 
care is requisite ; but if for dissection and permanent 
mounting afterwards, they should 
be immersed in a mixture of 
equal parts of glycerine and 
w^ater, dilute acetic acid, or even 
dilute alcohol (for some things 
w^hich require hardening), in 
order to ensure preservation. It 
must be understood, howev'cr, 
that this is not universally ap- 
plicable. There are some objects 
wdiich wa:)uld be spoiled by im- 
mersion in a fluid, and these, of 
course, must be prepared while 
in the fresh state. 

The scales of several insects arc much used as test objects, 
notably those of the Lepisvia sacchariua, Morpho vicnelaus, 
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the Polyommatus argus^ the Lcpidocyrtus ctirvicollts^ and 

Podiira plumhca. These scales are shown in Chapter V. 

The Podura plumbca is a small insect, /ound in damp shady 

places, under stones in 

cellars, where they may 

be caught by sprinkling 

a little oatmeal near 

their haunts. They are 

commonly called spring- 
1 m {;, 133, ^ ^ ^ 

tails ; and in order to 
help the student in finding them, an illustration is given 
in Fig. 133, and of the Lepisina sacchariuaxw Fig. 134, each 
magnified about 12 diameters. 




It is very interesting at times to watch the development 
of insects and the changes they undergo during their cycle 
of existence ; for this purpose a “ vivarium ” is necessary, so 
that while furnishing them with sufficient air they may be 
prevented from crawling or flying away, and the respired 
carbonic acid find easy exit. 

The best kind of vivarium is that shown in Fig. 135, and 
is so simple that an ordinary tinman can construct one for 
a trifling cost. 

The framework i& made of perforated zinc with a bottom 
of the same material, on which rests an inner circle of zinc but 
perforated more closely. This is not fastened to the bottom 
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but can be raised at will ; it is covered with a round piece of 
flat glass. On this stands a saucer of well moistened clay- 
stuck round the edge 
with such leaves as the 
insects feed on. In the 
centre of this saucer is a 
small vase filled daily 
with fresh flowers and 
grasses for the butter- 
flies. 

It is easy in this ap- 
paratus to raise moths, 
butterflies, and other 
winged insects, such as 
saw-flies and the like, 
from the egg ; and the 
many changes may be 
watched through the 
glass, from the emerg- 
ence of the caterpillar 
from the egg to the exit 
of the imago from the 
pupa case. 

Lichens. — These in- 
teresting vegetable pro- 
ductions require but an 
old knife and a few pill- 13^^ 

boxes for their collec- 
tion, with occasionally a hammer and chisel. The purer 
the atmosphere of the district the greater variety to be 
found, while in a smoky and gas -polluted atmosphere 
they- are cither not found at all, or oi?ly to be met with 
in the gonidial state, when they may be easily mistaken 
for protophytal alga^. Lichens are to be found growing 
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upon rocks, stones, trees, old railings, twigs, bushes, heath, 
moss, and in many other places. 

Lichens arc mostly of large size, airJ require thin sections 
to be cut ere the structures can be satisfactorily made out ; 
but some should be always mounted as opaque objects, to 
show what the natural form of the plant is. 



Fk;. 136. 



13^ shows a piece of fencing upon which is growing 
Lccanora ccri:ui^ while the next illustration. Fig. 137, shows 
Usnm barhala, one of the filamentous species. Among 
the more familiar kinds are Parmelia pariethm, Lecidea 
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ccDiescenSy Physcia ciliaris^ Cladonia pyxidata, and Pertu- 
saria communis. 

Books which may b€ consulted : ' History of British 
Lichens,’ W. L. Lindsay, M.D. ; ‘ Lichenes Britannici,’ 
Crombic ; ' The Lichen Flora of Great Britain and Ireland,* 
Rev. W. A. Leighton. 

Minerals. — Of late years much has been discovered in 
the mineral kingdom by the aid of the microscope, but 
owing to the nature of the substances to be examined, 
much preparatory work has to be done ere a satisfactory 
examination can be made. Sections have to be cut and 
semi-polished ere the structure can be well made out, and 
this will be described in our next chapter. Barbadocs rock 
showing Polycistina in sitUy oolitic and nummulitic lime- 
stone, slags from iron and copper furnaces, fossil wood, 
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minerals used in smelting, basalt, boiler incrustations, coal, 
shale, lava, and many other minerals, furnish instructive 
objects, and may be collected in plen^?y in the proper 
localities. 

A section of porphyrinc is shown in Fig. 138, which 
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forms an illustration of the production of crystalline forms 
when molten vitreous matter is allowed to cool slowly. 
This mineral is of a beautiful crimr.on colour, and under a 

binocular microscope few objects 
can vie with it for beauty. 

The two figures, 139 and 140, 
show the artificial production of 
similar crystals during the manu- 
facture of glass. When the 
metal is cooled slowly, crys- 
tals of certain forms arc obtained, 
Avhich vary in form according to 
the differences exi.sting in the 
quantities of the materials from 
which the glass is made. 

Ikwks which viay be consulted: ‘ Sur Ics Crystallites,’ 
Vogelsang ; Allport on the “ Microscopical Examination 
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of Rocks and ]\£incrals,” p. 98, ‘Monthly Microscopical 
Journal’ ; ‘Mineralogy and Study of the Rocks,’ Rutley. 
Molj.USCS. — The entire scries of the Mollusca form very 
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interesting objects for the microscope, the structure of the 
viscera, the spermatozoa, and the tongue or odontophorc 
being the chief. Fr^sh-water and land snails should be 
avoided by the student until he has gained sufficient 
experience in the manipulation of limpets and whelks, from 
which the extraction of the odontophorc is a comparatively 
easy operation. The marine molluscs may be carried long 
distances folded in damp sea-weed, while fresh-water snails 
should be conveyed in a similar manner in damp Anacharis. 
When the animals are not immediately required, they may 
be dropped into glycerine, dilute acetic acid, or into alcohol. 
Edwards advises that they be dropped into caustic potash 
solution (say one part of caustic potash and two of water), 
until they begin to decompose ; but of course this is only 
admissible when nothing but the odontophorc is required. 

This odontophorc is the so-called tongue or lingual 
ribbon, really the masticatory apparatus, a long ribbon-like 
organ furnished with a com- 
plicated system of teeth, gene- 
riilly set upon flattened plates. 

The form and arrangement of 
the teeth furnish characters 
of much importance in classi- 
fication, and therefore should 
be studied by all those who 
arc interested in this depart- Im^. 141. 

ment of natural history. 

Fig. 14 1 shows a short length of the odontophorc of the 
common limpet. Patella vidgata. 

Books which may be consulted , — ‘ British Mollusca,’ 
Forbes and Hanley ; '' Notes on Victorian Molluscs and 
their Palate.s,” C. M. Maplcston, ‘ Mo,>ithly Micro.scopical 
Journal,’ vol. viii. p. 45 ; Alcock, ‘ Proceedings of Man- 
chester Literary and Philosophical Society.’ 
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Mosses. — These require but few instructions for collect- 
in^^ They are of little use for the purposes of scientific 
inquiry without fruit, and thereforQ. the collector should 
always endeavour to procure the plant in fructification. 
Poly trichum commune^ Sphagnum squarrosum, llypnum 
puruvi. Tortilla (Inirbula) muralis, are amongst the more 
common species. 

Every month produces some species to be collected ; on 
old walks, the roofs of tiled and thatched buildings, on our 
garden walks, on our downs and commons, on chalk and 
sandstone, in bogs and on the mountain-top, mosses may 
be found everywhere. The necessary apparatus for col- 
lecting consists of an old pocket-knife, a platyscopic lens, 
as shown in Fig. 2, a satchel or small bag, and a good 
supply' of thin envelopes, or square pieces of tissue or 
other thin paper, in which to wrap each species. 

Books which may be consulted. — Hooker, Taylor, and 
Wilson’s ‘ Ihyologia britannica ’ ; R. Braithwaite’s ‘ British 
Moss Flora ’ ; Stark’s ' Popular History of British Mosses ’ ; 
Berkeley’s ‘Handbook of all British Mosses’; Unwin’s 
‘ l^isseclions and Illustrations of British Mosses.’ 

I’OLYCISTINA.— These animals are a family of Rhizo- 
poda Radiolaria, the silicious skeletons of which form a 
series of very interesting objects for the microscope. They 
exist on every ocean floor and embedded in rocks, fossil 
Polyxistina having been found at Oran, Bermuda, and 
Barbadoes, as well as in many other places. The silicious 
skeletons, or shells, as they are sometimes termed, with 
their prolongations, arc aids in discriminating between 
Polyxistina and Foraminifera, which former some of the 
species resemble. A section of Barbadoes rock, showing 
Polycistina in situ\'\^ often a pretty, interesting, and in- 
structive object. These objects may be obtained from 
Ikirbadocs earth, by boiling with its own weight of washing 
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soda and a similar weight of water for one hour. After 
allowing to settle, the “ flock ” must be poured off and the 
boiling with soda rcp'jated, with intermediate washing 
several times. Rhopalocanmni onuxtuuiy Podocyrtis ScJiovi- 
burghiiy and Astromma Aristotclis are, perhaps, the most 
beautiful of this class. 

Books which may be consulted: Hacckcr.s ‘Die Radio- 
larien ' ; ‘ The Micrographic Dictionary.’ 

POLYZOA. — These interesting objects have, by the 
researches of modern inquirers, become much more known ; 
they are both marine and fresh-water, and may be found in 
many rivers and canals. 

On the sea-shore they arc very plentiful, forming a crust 
on submerged rocks, or attached to stones, shells, and sea- 
weed. The individual animal is termed a polypide, and the 
colony a ccouvciuniy which latter consists of an aggregation 
of cells or cups, often taking elegant and vegetable forms. 
Most Polyzoa arc fixed organisms, but one at least — the 
Cristafclla innccdo — is capable of locomotion. 

One beautiful form, the Lophopus crystallinus, may be 
found constantly in the Gorton Canal, near Manchester, 
and is much sought after by microscopists, visitors to the 
neighbourhood ; it is shown in F'ig. 142. 

The study of these animals is an interesting one. In 
L . crystalli/inSj as shown in the figure, a is the region of the 
mouth ; b, the ci^soifliagus ; c, the stomach ; d, the intestine ; 
e are the retractory muscles ; /, a statoblast ; h, the mouth ; 
/, tentacles retracted, partly within cell ; k, the outer trans- 
]Kircnt envelope ; /, the perigastric space ; ;//, the lopho- 
phorc ; and at n the tentacles have been excised, to show 
mouth. 

Of marine Polyzoa, the sea-mat, or Flu>stra foliacea, may 
be taken as a type ; it is most plant-like and flexible. The 
cells are narrow at the ba.se and rounded at the end, with 
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scattered marginal spines ; when rubbed betwixt the fingrxs 
it exhales an odour resembling oil of lemon. An illus- 
tration of this common object of ^he sea-shore is given at 



Kig. 142. 


Fig. 143, while hi the next figure (144) is .shown a portion, 
much enlarged. 

When collected, they must be preserved in bottles or 
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tubes with some of the water they were taken from, while 
it has been stated that they may be preserved with 
expanded tentacles by dropping alcohol into the water; 
blit this is not always successful. 



Kk;. 143. Fk;. 144. 


B(wks 'ijliich may be consulted: W. Saville Kent's 
‘Manual of the Infusoria'; Johnstone's ‘British Zoo- 
phytes’; ‘Micrographic Dictionary'; Allman, ‘ Fresh-water 
Bolyzoa ' (Ray Society). 

Vegetable Preparations. — The raw material for this 
branch of study may be found everywhere, the vegetable 
kingdom being able, perhaps, to supply more objects for 
the microscope than all the other classes together. Algm, 
diatoms, ferns, fungi, lichens, and mossps, have already 
been mentioned, but the phanerogams alone are able to 
furnisli matter for an immense amount of observation. The 
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stems of trees and shrubs, the pine, fir, hornbeam, box, 
bircli, beccli, oak, chestnut, and elder, being easily ac- 
cessible, are interesting when cut into sections. The leaves, 
seed, pollen, roots, hairs, cuticles, raphides, and a host of 
other preparations, may be obtained from almost any plant, 
whether it be a choice specimen from the greenhouse or a 
common weed from the garden. 

The starches form a study in themselves, and are specially 
interesting from many points of view ; they are easily pre- 
pared and should be kept dry, in small homoeopathic tubes, 
for observation. The grains, such as wheat and barley, 
may be bruised and set aside for a few days to ferment, 
when, upon squeezing through a fine cotton cloth, the 
milky licpiid contains the starch. Roots, rhizomes, and 
tubers require to be rasped, and the milky fluid 
strained in the same manner. After a time, the starch 
granules subside, when the supernatant fluid must be 
poured off and fresh water added, the whole stirred up, 
and allowed to settle again. After pouring off the water, 
the granules should be allowed to drain upon blotting- 
paper and dried at the temperature of the air in a warm 
room. Fig. 145 shows several of the commoner forms of 
starch. 

Nothing special is required for the collection of raw 
material for vegetable preparations, without it be a tin 
case, for holding leaves, stem.s, or the whole plant, and 
squares of soft tissue paper, in which to carefully folc^ 
specimens. In collecting pollen, it is well to gather the 
complete flower, and carefully isolate the specimens in 
order that no confusion of the granules may take place. 
The pollen of a species of the mallow tribe is often used 
as a test object (or low-power objectives. It is shown in 
Fif;. 97- 

iro/ Zi-s which may he consulted : Ma6t and Dccaisne’s 
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‘Descriptive and Analytical Botany/ by J. D. Hooker; 
Sachs’ ‘Text-Book of Botany* (Clarendon Press); Balfour*s 
‘ Manual of Botany.’ 

Zoophytes. — This division includes the Hydrozoa and 
the Actinozoa, both of which furnish many objects for 
study. In the first class we find the Hydra viridis and 
//. fusca, which may be collected without much trouble 
from streams and pools; it is visible to the unassisted eye, 
though it can only be satisfactorily examined by the aid 
of the microscope. Fi^‘. 146 shows //. viridis as it usually 
occurs attached Uy duckweed, and in the same manner it 
is often found on Aiiac/iaris alsinastnim and other water 
plants. 



Another order of the Ilydroid Zoophytes is the Tubu- 
larida, of which Tubiilaria ramea is a specimen. It is com- 
monly called the “branched pi«[x' coralline,” and is a 
marine organism ; in fact, all the Tubularida are marine 
with the single exception of the genus Cordylophora, which 
inhabits fresh water. The Tubularia ramea may be seen 
in Fig. 147. 

Amongst the Actinozoa are the sea-anemones, the coral 
polypes, and the C\’dippc {Plearobrac/iia pileiis). 
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The life-history of the zoophytes is extremely interesting, 
and the student will scarcely be able to appreciate that the 
ovoid ciliated mass, seen escaping from the ova of the parent, 
would ever lose its cilia and develop into the parental 
form. 



When it is desired to keep them for preservation and 
mounting, the same method may be employed as for 
Polyzoa, to drop alcohol into the water in which they have 
been collected, which is stated to kill them while causing 
but little retraction of the tentacles. 

Many beautiful slides of marine Polyzoa and zoophytes 
have been sent out from the Naples Zoological Station. 
The specimens arc stained with picro-carminc and mounted 
with the tentacles expanded. 

• Books which may be consulted: ‘The Micrographic Dic- 
tionary'; Johnstone’s ‘British Zoophytes’; Ilincks’ ‘British 
riy droid Zoophytes.’ 
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Micko-Dissections. 

Manv of the objects mentioned in the preceding chapters 
cannot be examined under the microscope without sub- 
division or previous preparation, either on account of their 
size, or because the parts lie in different planes, the trans- 
t)arcnt t)ortions being hidden from view by others of an 
opaque character. 

This is so with most insect life, especially the larger 
species, though, on the other hand, the more minute kinds, 
such as the A cants douicsticus, or chcesc-niite, are generally 
so transparent as to reciuire no special treatment. 

l^ectles and other insects, flies, snails, frogs, and newts 
arc very good examples of the former class, and the student 
will do well to [)raclise the dissection of these objects. lie 
will find it absolutely necessary to acquire a good know- 
ledge of dissection, in order to gain a correct insight into 
the relative structure of the insect economy. 

We can hardly describe in words how to proceed in each 
individual case. Experience will come by practice, and 
the student will find that each subject becomes more and 
more easy, e.specially if, before commencing in haste with 
the needles and scissors, he will study the general arrange- 
ment of organs in his subject, by reference to some one or 
other of the many standard works in existence, obtainable 
at any free library. 

One remark, however, is necessary. Do not hurry on 
with imperfect dissections of a host of subjects; stick to 
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one insect until a good knowledge of its anatomy has been 
gained, and by no means take the trouble to i)repare and 
mount any imperfects specimens. Persevere until the dis- 
sections arc perfect, and then spare no trouble or pains in 
preserving them for future reference. 

Dissections may be carried on with but few instruments ; 
a few small -sized troughs, 
knives, scissors, needles, and 
camel-hair pencils are nearly 
all the requisites. The dis- 
secting microscope must be 
left to the taste of the ope- 
rator, who will find many 
forms to select from. 

Fig. 148 shows Collins’ 
cheap dissecting microscope, 
of which a large number are in use in Professor licnslow’s 
botanical classes ; while th.' next figure (149) is an illustra- 



Fk’.. 149. 

tion of Houston’s botanical dissecting microscope, which 
may suit botanists who wish for nothing more tlian a steady 
stand for a pocket magnifier. 

This ingenious little instrument is intended to provide 
working botanical students with a convenient and service- 
able dissecting microscope at a moderate cost. The box 
mcasure.s, when closed, 9 inches long, 4 inches wide, and 
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2 inches deep, and is so constructed that, by using a divided 
sliding lid (acting as a support for the dissecting stage), a 
rest for the wrists is secured while the hands are employed 
in dissecting. 

The duplex lens, giving three powers, 4, 6, and lO dia- 
meters, is screwed to the end of a brass focussing tube 
moving upon a brass pillar attached to a sliding bar at the 
bottom of the box. The lens may at any time be un- 
screwed and carried in the pocket. 



I'k;. 150. 


The dissecting stage is a cork slide, plain on one side for 
general work, but provided with a shallow cell on the other, 
for the dis.section of such objects as small glossy seeds, which 
“ fly ” under the needles. A pitted glass slide, to be used 
when the object is best dissected under water, is also jn'o- 
vided. A cutting needle, two dissecting needles, and a 
pair of small forceps are also included, and the whole is 
sold at the moderate price of 6 s. 6(1 

Fig. 150 is a representation of Lawson’s dissecting micro- 
scope as made by Mr. Collins — a very handy and compact 
instrument, containing, as it docs, in the unfolded case the 
knives, needles, and scissors for the operator's immediate use. 


BINOCULAR DISSECTING MICROSCOPE. 165 

Recognising the advantages of binocular vision for the 
purposes of dissection, as well as the erection of the image, 
Mr. Baker and also Messrs. Swift and Son have introduced 
a cheap form of the Stephenson binocular, as shown in 
Fig. 1 5 1, the details of which have already been described 
on page 35. 



Fig. 151. 


If the erection of the image be desired, it can be obtained 
by the use of the draw-tube and erector already illustrated 
by Figs. 32 and 33, and this method has many advantages 
over the use of the Stephenson binocular. The erector 
screws into the end of the draw-tube, and using the A eye- 
piece with a ^-inch objective any amplification from 2*5 to 
60 diameters may be obtained, or from 12 to 260 diameters 
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with the D ocular. It must not be forgotten, however, that 
the use of the erector disturbs the corrections of the objec- 
tive, producing spherical and chromatic aberrations. This 
is so great that, when using the A eye-piece and a i-inch 
objective, an object may be brought to an indifferent focus 
at any distance between i inch and 2^ inches from the front 
lens upon the instrument shown in I"ig. 24 ; but at inches 
perhaps the sliarpcst image is formed. The way to remedy 
the effect of these aberrations is to use the C or D eye- 
pieces, wlicn the object runs in and out of focus very 
sharply, and as the peripheral rays arc not gathered in, 
there is but little aberration of either kind visible. 

The following table will show the use of the erector and 
draw-tube, used upon the stand in Fig. 24 with a ^-inch 
objective of 50° air angle. 


Position of 
Draw-lube. 

1 )i stance 
of I' ront 
Lens fi oin 

1 )bject. 

A J'^ye-picci 

j Si/e of 
< Ibject in 

1 FicM. 

1 

Anij)lifi- 
cation in 

1 liaiiielei.s. 

i 

i 

1 Distance 
' of l‘’roiit 
I.ens from 
Object. 

D Fye-piece. 

Si/c of ' Amjilili- 
Obiecl in ' c.ition in 
I•'iel(l. Diameters. 

Full liouu; , , 

i in. 

I • 30 

in. 

0*75 

2'5 

1 in. 

1-05 

in. 

O' 40 

I2'0 

AVilliiliaw n ] incli 

0 • 60 1 

0*40 

7 'o 

0’44 

0-15 

30 '0 

j > h > > 

0 ’ ^6 

0*20 

1 1 0 

0-36 

0 ■ 09 

50 'O 

}> ^ j) 

1 

O' 12 

20 'O 

i 0-23 

0*05 

' 90 'O 

I So ' 0 

0 

M ^ J > 

0-17 

o*o6 

/^O'O 

; o'i7 

0'03 

> > 3 > > 

0 15 

O' 04 

Co'o 


O '02 

! 20o'o 


For cheapness, there is nothing better than the watch- 
maker’s or engraver’s eye-glasses. These may be fixed 
into any form of stand the ingenuity of the student may 
devise, and with these alone very much work can be done, 
quite as much perhaps as he will be able to execute for 
some time. 

The subjects fof dissection are usually operated upon 
underwater or some other fluid, in dilute alcohol, or even in 
glycerine. This is a v'ery convenient medium in which to 
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carry on minute dissections, as the operation can be per- 
formed with much more certainty than is the case in more 
mobile fluids. 

In whatever fluid the specimen for dissection be im- 
mersed, a trough is necessary to hold it, such as shown 
in Fig. 152, and this may be either of guttapercha or 
glass, not too large, but roomy enough for working, and 
also for the disposal of loose matter. Half an inch in 
depth is ample (except for special subjects), as if deeper, 
the sides are apt to interfere with the free use of the 
needles and fingers. 



Fig. 152. 


If the trough is of glass, a suitable bedding may be run 
in to a depth of a 
quarter of an inch, to 
which the subject can 
be pinned down. A 
translucent bottom 
may be made of a 
mixture of napthalin 
and stearine, an 
opaque bedding of 
equal parts of resin and beeswax, thinned to the neces- 
sary consistency with unsaltcd lard, and coloured black 
with lamp-black, or white with oxide of zinc or dried 
china-clay. 

While dissecting, no instruments are more handy than 
ordinary sewing needles, thrust with the eye first into 
cedar-wood handles. They may be bent to any required 
.shape while heated in the gas or a spirit-lamp flame, 
and afterwards rehardened by heating and plunging, while 
hot, into oil. They must be kept well polished, as if any 
roughness prevail on their surface it is next to impossible 
to produce anything but torn and disfigured dissections. 

Camel-hair pencils arc indispensable agents for the 
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removal of loose matter, torn and unrequired portions of 
the insect anatomy, and also for the arrangement of the 
dissected portions. 

The knives used in dissecting should be of good steel, 
and kept in order by the occasional application of a 
Washita oilstone. Some of the most useful forms arc 
shown in Fig. 153 — two or three will perhaps be selected ; 
the author prefers the forms shown at b, d, f and h. 



a h c ({ e J h i 

Fig. 153. 


Nearly every microscopist prefers to work his own way, 
and with his own choice of instruments. The spear-head 
needles sold by Mr. Ward of Manchester will be found, 
exceedingly useful. 

Throe kinds of scissors arc generally required by the dis- 
sector, the curved; Fig. 154, elbow, Fig. 155, and plain. Fig. 
156. They must be well made, and kept carefully cleaned 
and free from rust. The application of mercury ointment 
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will usually go far in protecting steel instruments from this 
enemy. 

Another pair of scissors is also much used in minute dis- 
sections, one leg of which is fixed in a light ebonite handle, 



Fig. 154. Fro. 155. Fig. 156. 


the blades being kept apart by means of a spring. The 
pressure of the finger on the loose leg causes the blades to 
close, and it will be found after a little practice that the 
instrument may have many applications. It is shown in 
Fig. 157. 



Fig. 157. 


The steel forceps, shown in Fig. 158, arc necessary 
idjuncts to the dissector, and he should be careful to 
jelcct those of but medium strength in the spring, and 
;uch-as can be depended upon for ’seizing an object 
incly yet firmly, and not at all liable to twist aside and 
ipoil the subject under dissection. A pair of curved 



PRACTICAL MICROSCOPY, 


170 


forceps, as well as a pair of the straight variety, with fine 
points, arc necessary. 

A buU’s-eyc condenser for concentrating light upon the 
object, and a small glass syringe for washing subjects and 
removing or adding to the liquid contents of the trough, 
complete the dissector’s outfit. 

And now having his apparatus ready, the student will 
naturally be looking about for something to dissect. He 
need not seek long at any season of the year, but in the 




Fig. 158. 


event (^f his not being able to fix on what he shall com- 
mence with, the blow-fly, IMiisca voinitoi'ia^ is suggested. 

Plenty of work will be found in the blow-fly if it be done 
properly, and after this the student may take in hand 
the water-beetle, Dytisciis marginalis ; the grasshopper, 
Locusta viridissi)}i(i ; or the common house cricket, Acheta 
doincstica. 

In the above, the student will find the tongues, antennm, 
eyes, wings, legs, segments, spiracles, and trachem, an 
interesting study, and besides these organs, gizzards will 
be found in the last three. 

The insect (if not too large) should first be held in the 
stage forceps as shown in Fig. 66, or in any other con- 
venient manner, and examined with a low power (say a . 
2-inch objective), to show its general character, and give an 
insight into the manner in which the appendages should be 
dealt with. 

The proboscis of the fly may be obtained by pressing 
the thorax, so as to cause protrusion, placing the organ 
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upon a strip of glass, covering with a thin square cover, 
and severing with a sharp knife. If the insect has been 
killed with chloroform, the organ will generally bo found 
protruding. Just a word 01 passant to encourage the 
student to display his dissections naturally, in order to 
give observers an idea of the real use of the various organs 
in the insect economy. This cannot be better illustrated 
than by reference to this proboscis, one of the late Mr. 
Topping’s favourite preparations. The more natural con- 
dition should be mounted in glycerine, and though not so 
pretty an object, is at least truthful. 

Put no insect to pain. Kill it at as early a stage in the 
inquiry as is possible, cither with chloroform, bruised laurel 
leaves, or by means of the cyanide of potassium bottle now 
so often used. 

Proceeding with the blow-fly, the wings maybe detached 
from the thorax by means of the knife, scissors, or forccq^s, 
the legs taken off at the thigh, the halteres or poisers 
detached, and the antennm cut from the head, completing 
the list of appendages. The carcase must now be pinned 
down in the trough, or fixed to the bedding by warm- 
ing a spot with a hot iron, fixing the subject into the 
melted stratum, and the integument carefully slit up with 
a fine pair of scissors, upon both sides. The chitinous 
skeleton must then be raised with the forceps, and the 
attachments cleared away with the aid of a blunt needle 
*ind a spear-headed instrument, when, if tolerably well per- 
formed, the whole of the organs will be seen in situ. The 
subject should now be left in a mixture of glycerine and 
water (equal parts of each), for about twelve hours, after 
which treatment the organs may be readily dissected. Dilute 
alcohol, is very useful when dissecting th '6 nervous system 
of insects. A more or less prolonged immersion hardens 
the nerve fibre, which the student will find requires very 
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delicate handling. It is not difficult to find and take away 
the tracheal system (though the beginner will find this 
easier to prepare from the silk-worm or caterpillar), and 
the muscles which arc used for raising and depressing the 
wings during flight may be found without much trouble. 



The digestive apparatus varies somewhat in different 
insects, and as an aid to the student the arrangement of 
these organs is given as they appear iji situ in the water- 
beetle (Fig. 159) -md the blow-fly (Fig. 160). 

The fly lives by suction, and therefore the food does not 
recpiire any unusual amount of mastication. It therefore 
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has no gizzard. The water-beetle, on the other hand, has 
a gizzard placed at the end of the oesophagus or gullet, its 
object being to more completely triturate the food before it 
passes into the stomach. The gizzard is composed of hard 
muscular tissue, and nearly always covered internally with 
hard growths called teeth. 

In Fig. 1 59, A is the (esophagus or gullet, B the gizzard, 
D the stomach, the small intestine, while the large oval- 
shaped sac at the extreme left is the large intestine. 

If the gizzard only is required, the best plan is (after 
killing) to hold the insect under water, and with the forceps 
to draw the head from the body. Most of the internal 
organs will by this means be drawn out, when the gizzard 
can be detached with the scissors from its place below the 
gullet, washed, and opened out with knife and needle. 

After having proceeded so far, the student will do well to 
examine the neiwous system, and last of all, when the inside 
has been cleared out, the segments and spiracles may follow 
in their turn. 

Insects intended for dissection should never be allowed 
to become dry, and if tliey cannot be treated at once they 
should be preserved in dilute glycerine, dilute acetic acid, 
or weak spirit, according to what is required of them after- 
wards. 

The student perhaps m^iy not have patience at first 
to go through the whole set of dissections from one 
insect, and, therefore, such objects as the saws of the 
different saw-flies may be attractive. Several different 
varieties arc sliown in Fig. 161. 

The variation in the form of saw from the different 
species, as illustrated in figure, has been carefully studied 
and the drawings made by Mr. J. W. Gooch. No. r is the 
saw of the large green saw-fly ; 2, the black saw-fly ; 3, 
small black saw-fly ; 4, a brownish saw-fly ; S, black saw- 
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fly, with whitc-bandcd abdomen ; 6, large yellow saw-fly ; 
7, yellow saw-fly with black thorax. 

The saw-flies arc common everywhere, especially in the 
neighbourhood of gooseberry bushes ; the saws are really a 
part of the ovipository arrangement, and arc attached of 
course to the abdomen of the females. 



Fig. i6i. 


The sting and poison-bag of the bee is not difficult to 
obtain (that of the humble-bee is shown in Fig. 162), 
though the .student will find perhaps that it requires deli- 
cate manipulation to separate the long tubular gland from 
the trachem ; this may, however, be done with very smooth 
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needles under an amplification of about lO diameters in 
water and using a small camers-hair pencil to brusli away 
loose matter. 



The wasp may also be pressed into tjic service of the 
dissector, and here he will find some remarkable differences 
over the bee ; the poison-bag is separated from the body of 
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from it without tearing the whole to pieces. The sting, 
lancet, and poison-bag of wasp may be seen in Fig. 163. 
The object of dissecting, after all, is not to be able to 


prepare pretty slides merely, 
but to gain a knowledge of the 
anatomy of our subject, so 
that wc may understand more 
thoroughly the various trans- 
formations which take place. It 
may not be possible always to 
isolate each organ we wish, and 
in that case a careful study 
should be made of the organs 
in situ sometimes by polarised 
light, and what wc have actually 
seen may be transferred to paper 
by any of the methods described 
in the chapter on the Delinea- 
tion of Objects.” 

An instance of this may be 
found in Fig. 164, where the 
internal organisation of the larva 
of the crane-fly is delineated. 
To lay out the various organs as 
there shown would be a task of 
supreme difficulty ; but a draw- 
ing may be made of them from 
the student’s observations. 

Another study having an in- 
terest with many is that of the 
tongues, palates, lingual ribbons, 
or odontophores, of molluscs. 



Fig. 164. 

« 


The subjects for dissection .should be killed by drop- 


ping them into glycerine, and so preserved until they are 


N 
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required. The dissection should be carried on under 
water, in the usual way, though the mollusc needs but little 
pinning down. 

Let the student start with the common periwinkle. 
TAttoriiia littoralis, or, perhaps better still, with Patella 
vulgata, or common limpet. In the former, the lingual 
ribbon will be found coiled up like a watch-spring by open- 
ing the back of the animal, and this place will be found 
generally the best of all to examine first. 

In Patella vulgata it is only necessary to remove the 

foot, or broad flat 
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disc forming the lower 
surface of the body, 
when the lingual rib- 
bon is exposed to 
view, and appears as 
shown in Fig. 165. 

The TrocJius rAzi- 
phintis, or pearly-top, 
may also form a sub- 
ject, as it is found in 
tolerable profusion on 
our shores ; and the 
whelk, Ihicciiuini un- 
datum, will also fur- 
nish new specimens. 

In T, .zirjip/iinusyt\\c 
floor of the mouth 


must be exposed from above, when the lingual ribbon will 
be found lying upon it. In the whelk, the trunk contains 
the w'holc of the ribbon, and may be seen by opening the 
back just behind the tentacles. 

In Fig. t 66 the periw inkle is w ell displayed : f is the 
foot, ni the miKScle for withdrawing the animal into his 
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shell, ^^the spittle glands, th the throat, s the stomach, r the 
odontophorc, br the breathing gills, a anus, and o the ovary 
carrying eggs. 

The next illustration shows an oyster lying in its shell 
(Fig. 167); m is the lower half of the mantle, m a piece of 

upper half, g the breathing gills. 



Dissection of vegetable matter is usually preceded by pro- 
longed immersion in water, in order to soften the parts to 
be separated ; but very often indeed the tissues withstand 
this action, and so recourse is had to various other solu- 
tions which are found necessary. Caustic soda in dilute 
solution is a favourite reagent for the differentiation of 
‘vegetable matter. It is the solution used by the paper- 
maker for the disintegration of the leaf of esparto grass, 
the fibres of which furnish him with a valuable paper-making 
material. 

Fibro-cellular tissue may be conveniently studied in the 

N 2 
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leaves of orchids, where it is easily found, underneath the 
cuticle, after maceration. Woody tissue, often the chief 
component of certain plants used in the arts, is composed 
f)f fihro-vascular vessels aggregated in bundles, as in flax 
for instance; and the same may be said of jute, china- 
grass, and many other products. These fibres may be 
examined by macerating in water, during which a fermen- 
tation sets in, and the fibrous bundles consequently split 
iq) ; the same effect may be produced by boiling with 
dilute caustic soda solution. 

Spiral fibres al.so form interesting objects for study. 
They occur sometimes in cells alone, and at others in con- 
junction with what have been styled bordered pores, as in 
the yew and araucaria, while the pores arc found alone in 
the pine. Most woods, when in thin shavings, arc easily 
decomposed by boiling with dilute nitric acid, when the 
fibres can be pulled asunder, or by boiling with caustic 
soda solution under pressure. 

S[)iral vessels arc even more interesting than any of the 
foregoing, and easily procured. From the stem of the leek 
they arc separated with ease, while from the petiole of the 
common garden rhubarb they can be obtained in plenty by 
searching in a ])ot of this preserve. 

lVM'ha])s of all exercises the complete dissection of a moss 
is the best for botanical students ; the various parts 
mounted on an ordinary slip under a three-quarter thin 
glass cover arc at once a type slide and an object of 
beauty. 

Scalariform vessels arc to be met with in the roots of 
ferns. The Ptcris aquUina perhaps displays them as well 
as any other plant ; but it is a moot point whether they are 
better seen by the examination of a dissected portion, 
rather than a section made in a diagonal direction. It is 
true that much can be made out from sections of the 
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various parts under study ; but without dissection we 
should be very apt to arrive at erroneous conclusions con- 
cerning the form and situation of parts, our views often 
being modified by the light thrown upon our subject by its 
employment. 

Structural botany or organography can scarcely be 
studied to advantage without the student becomes an adept 
at vegetable dissection ; and the same may be said of physio- 
logical botany, or the study of the functions of living 
plants. There is much to be learned yet respecting the 
manner in which inorganic materials arc transformed into 
things which live ; and any one who has attempted to 
work in this most intricate branch of physiological study 
will be ready to acknowledge how pleasant such work 
becomes if the art of vegetable dissection has beeji pre- 
viously mastered. 

The growth of a stem or branch of any exogenous 
shrub from its bud, if faithfully carried out, may become a 
pleasurable pastime for many months, csi)ccially if the 
dissections which such a study entails be supplemented by 
the operations described in the next chapter. 



ciiaptp:r viii. 


SECTION-CUTTING. 

In the preceding chapter the necessity of dissection has 
been shown, in order to gain an insight into the economy 
of things. It is none the less important, however, to be 
able to cut a thin slice of any given object in order to show 
the details in situ. 

We should be very careful not to form hasty opinions, 
from the observation of sections alone, as vessels will 
appear of different shapes according to the plane in which 
they have been cut. Circular vessels cut through obliquely 
give an oval outline ; but in the direction of their length, 
squares. 

Section-cutting may conveniently be divided into three 
incthotls: - - 

1. Without the use of the microtome (section-cutter), and 
even behn'e hardening or otherwise preparing the subject. 

2. With the microtome, such subjects as the stems of 
plants, leaves, animal preparations, and the like. 

3. The cutting of hard substances, coal, rock, bone, and 
subjcct.s of this nature. 

To proceed with the first method, we find some workers 
cutting slices on or between pieces of cork without the use 
of any appliance whatever save a knife or razor. Others 
use even more primitive methods, and perhaps by long- 
continued practice may arrive at fair results, though the 
author has never seen uniformly thin and good specimens 
cut by the hand alone. 

Some wlien examining animal tissues, “ prefer to snip off 
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a piece with a pair of sharp scissors,” or “ cut a piece off 
with a sharp scalpel,” but all slides prepared in this manner 
are mere fragments compared with the splendid sections of 
Marsh, Cole, Wheeler, Norman, Ward, and others. 



I'k;. i6 S. 


Fresh animal tissues, such as kidney or liver, are 
frequently cut with Valentin’s knife (h'igs. i6cS and 169). 



Fie. 169. 


This instrument is formed of two narrow blades lying 
parallel to each other, their distance being regulated by 
means of a fine screw. The knife is used immersed in 
water; it is drawn through the tissue to be cut, in a saw- 
like fashion, the sections being afterwards disengaged by 
shaking the blades gently in water. J)r. Maddox’s form of 
this knife is one with triple blades, so that a double section 
might be cut, to show opposite but contiguous surfaces. It 
is shown in Fig. 170. 



1m(;. 170. 


Dr. Sylvester Marsh, who has written a small nianualette 
upon the subject of section-cutting, has devised a simple 
but useful spoon for lifting thin sections. It is shown in 
Fig. 171. 

After all, these methods of cutting are e.Mceedingly 
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limited in their application. They may be necessary at 
times, when it is desired to make a hurried examination ; 

but the student is certainly 
advised never to make .. 
hurried examinations. 

We now come to the 
second division, where sec- 
tions arc cut in the micro- 
tome, of which there are 
several forms, constructed in 
accordance with the require- 
ments of the originators. 

The most common form of scction-cuttcr is shown in 
Fig. 172. It is generally used for eutting sections of wood, 
stems, and other semi-hard substances. The substance to 




Fig. 172. 



Fig. 173. 


be cut is kept firmly in position by means of the side screw, 
and the quantity necessary for each section sent up by the 
screw below. 

Another section-cutting machine used for the same 
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purpose as the preceding has been devised by iMr. Hailes, 
and is sold by Messrs. Baker, of Ilolborn. All the faults 
of the old form have been remedied, and for cutting seiTii> 
hard substances it is the best of its kind (Fig. 173). 

The microtome which the real worker in sections should 
procure, is that of Professor Rutherford, inasmuch as it has 
special uses in itself, and can also be made to do whatever 
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the of considerable length, niovetl upwards by means 
(jf a good firm screw, while the cutting plate is of steel, 
ff this microtome were so arranged that it could be used in 
a freezing mixture, the writer would not hesitate to place 
it in the first rank, and even before that of Professor 
Rutherford. The well being square the subject cannot 
revolve, and no “rise” takes place when the correct bedding 
agent is emplo}X‘d. 

A form (^f microtome designed by Mr. Williams and 
made by Messrs. Swift and Son, is shown in I'ig. 175. It 
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IS specially designed for use in the freezing process, and 
has been admirably described in the brumal of the Ouckett 
Club. Not having used it the author can but gi\e his 
opinion that the principle upon which it is constructed is 
good, though there seems to be very little superiority over 
Professor Rutherford’s. 
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The student having become furnished with a microtome, 
his next selection must be a knife or razor, and in his 
choice he must remember that it is absolutely necessary 
for the whole of the back and edge to lie in the same plane 
— both must slide together over the top plate with perfect 
smoothness of motion. The knife or razor should be 
hollow-ground, flat-ground knives and razors being re- 
served for cutting wood or bone, where great strength is 
required. The cutting instruments must be kept to a very 
keen edge by use of a Washita oil-stone, combined with 
the application of a good razor-strop. It recpiires practice 
to put on the keenest edge. Perhaps a lesson from a 
barber would on the whole be a cheaper and speedier way 
of learning. 

Mr. M. ri. Stiles has de.scribed an arrangement by which 
the blade of the razor is kci)t from contact with the plate 
of the machine, by two small screw-clamps he terms “ razor- 
guards ” (Fig. 176). These slide on the blade, one being 
fixed at each end, and kept in position 
by a small screw in the upper side of 
each. They arc ijths of an inch wide 
and are made from sheet brass ._>Vth of 
an inch thick. They ensure a smoother and more steady 
motion than by cutting in the old way, and the edge of the 
razor is preserved in much better condition as it touches 
nothing but the substance to be cut. 

Let us now consider the cutting operation. If we wish 
to cut a section of the stem of the horse-chestnut 
hippocastannm'). Fig. 98, say in a line with the axis of 
growth, we shall find it rather difficult, withc^ut first 
embedding in some agent to hold it firmly, and without 
undue pressure upon any one part. F-?rmerly a mixture 
of equal parts of bce.swax and olive oil was used for this 
purpose, and Professor Rutherford advises a mixture of 
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five parts of paraffin with one part of hog’s lard. Both of 
these mixtures are liable to become loose in the cylinder, 
often rotating during the cutting operation, and also 
“ rising,” and thereby spoiling the work by uneven 
thickness. 

Mr. John Ikirrow has improved this bedding by making 
a mixture of naphthalin and stearine in certain proportions, 
which vary according to the temperature of the air and 
its conseipient behaviour under the knife. It can be mixed 
in quantity and kept in a large glue-pot, or even a stone- 
ware jar or preserve-pot, and remclted by standing in hot 
water when recpiired for use. 

This mixture does not become loose in the well of the 
microtome like the paraffin mixture, and never “ rises,” so 
that sections are easily cut of a uniform thickness. 

Having soaked the stem in water, in order to soften it 
somewhat, it should be dried externally and dipped into 
the following solution, which has been carefully filtered : — 


{.juin-arabic 6o j;rains. 

Glycerine 5 drops. 

Alc()ln)l I o drops. 

Water 2 ounces. 


The stem must then be withdrawn and allowed to drain 
upon blotting-paper until surface dry, when it is held in 
the fluid bedding agent in the well of the microtome, until 
the naphthalin mixture has become hard, the plug having 
been previously depressed, by means of the screw, to the 
depth retpiired. 

When quite cold the cutting may be commenced, and 
the first cut or two made with an ordinary razor and dis- 
carded, being only intended to level down and to ascertain 
if all bo right. After levelling, the second cut with the 
section razor should be examined under a low power, and 
if it is not thin enough more care must bo taken with the 
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subsequent cuttinc:^s. After every cut, the necessary thick- 
ness must be sent up by means of the screw below, 
and if the cutting has been done properly, i. e. by a firm 
diagonal push from point to handle of the knife, keeping 
this also back and edge at the same time upon the cutting 
plate, the section Avill finally look like the illustration in 
Fig. 98. 

During the cutting operation the knife or razor should 
be kept flooded with dilute glycerine or weak alcohol, and 
the section may be easily liberated from the knife by 
gently shaking in a basin of water. The glycerine and 
gum surrounding the sections dissolves after a few minutes, 
allowing them to fall to the bottom, while the naphthalin 
mixture floats on the surface of the water. 

Most vegetable substances can be cut in this way, leaves 
and stems among the rest ; but some will require prepara- 
tion before inserting into the microtome. Those which are 
too hard must be soaked in water until soft enough to cut, 
or even immersed in boiling water if necessary. Excess of 
water may be abstracted by soaking in alcohol (methylated 
spirit) for a time, or by partial desiccation. Whenever it 
is required to eliminate resinous substances methylated 
spirit will perform the operation, but it must not be for- 
gotten that alcohol extracts the colouring matters from 
most vegetable substances. 

Very good sections of certain woods can be made with 
an ordinary smoothing plane, such as is used by joiners. 
Deal may be cut in very thin ribands by this means, and 
when mounted dry, constitutes Dr. Carpenter’s test for the 
colour correction of objectives. 

A word of advice to the beginner may here be neces- 
sary : discard all sections not showing tl;ie leading features 
intended ; they arc worthless from a scientific point of 
view, yet it is strange how many there arc in existence. 
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Fi^. 177 is an illustration of a section of a lichen thallus, 
and Fig. 178 a similar slice from the apothecium : mounted 
sections should show the details as well as these. 



Animal tissues require different treatment. They are 
generally loo soft and pulpy for immediate cutting, so 
require to be soaked for various periods in some hardening 
solution ; while others, such as porcupine-quill, whalebone, 
and horn, re([uire immersing in hot water to soften them. 

1^'or hardening animal tissues, alcohol, and chromic acid 
solutiem arc most generally used, while some prefer bi- 
chromate of potash, or bichloride of mercury. Alcohol is 
perhaps the safest of all hardening agents ; it being a 
powerful abstractor of water, coagulating albumen, and 
acting also as a preservative agent. 

Chromic acid is to be obtained in beautiful dry carmine 
crystals. It is more conveniently kept as a stock solution, 
i ounce being dissolved in 50 ounces of w'atcr, and diluted 
as (X'casion rc(]uires. 

It must not be forgotten that tissues are easily over- 
hardened and rendered brittle by prolonged immersion in 
chromic acid, and therefore the weaker a solution can be 
used the better. Some ti.ssues require hardening by special 
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means. Rutherford advises brain to be soaked in the 
following solution : — 


Chromic acid 15 i^rains. 

Bichromate of potash 31 gvains. 

^Valer 43 ounces. 


Small pieces arc first immersed for twenty-four hours in 
methylated spirit, drained on blotting-paper, and then 
soaked for five or six weeks in a large (quantity of the 
above solution, changing it several times in that period. 
Adipose tissue may be hardened in methylated spirit ; 
liver prepared for cutting by soaking in alcohol, commenc- 
ing with weak methylated spirit and finishing in absolute 
alcohol ; lung in chromic acid, muscle in chromic acid, as 
well as tongue, stomach, and .spinal cord — the last in one 
part of the stock solution diluted with nine of water, as it 
is extremely liable to over-hardening. The actual opera- 
tion of hardening may be performed in the following 
manner : Cut the substance — kidney, for instance — into 
pieces half an inch scpiare, and about the length suitable 
for the well of the microtome. Place these in methylated 
spirit diluted with an equal bulk of water for three days, 
drain well upon bibulous paper, and then immerse in a 
solution of chromic acid prepared by diluting one part of 
the stock solution with seven i)arts of water. Allow the 
pieces to remain in this for three day.s, then pour it off and 
replace it by fresh. At the end of ten days a piece may 
be abstracted and a rougli section cut in order to sec whether 
it has become sufficiently hardened ; if not, the chromic 
acid must be again poured off and the pieces covered with 
fresh solution, making an examination of it \vith the razor 
every three days. Always harden insufficiently in the 
chromic acid, and when just under thai degree rerpiired, 
take it out and put into methylated spirit to cleanse. 
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l^)ur off the spirit every day and replace it with fresh 
until the excess of chromic acid has been abstracted, known 
by the spirit remainin^^ clear and colourless. 

Injected kidney, and, indeed, most other injected tissues, 
must be hardened entirely in alcohol, as the chromic acid, 
bein^ a powerful oxidiser, would in all probability cause a 
dcc()mj)osition of the colouring’ matter. Kidney is often 
injected with Prussian blue. In this ease it is as well to add 
a few (lro[)s (^f hydrochloric acid to the alcohol used in 
hardening. 

'rile hardened tissue is now ready for cutting, and this 
operation may be illustrated by employing the Rutherford 
microtome, illustrated in Fig. 174. 

The substance when taken out of the spirit must be 
placed on blotting paper, and allowed to bec(.>mc surface 
dry. When lliis is effected it must be dipped into the gum 
solution before mentioned, and, after removal, is to be again 
laid upon the paper until dry. 

The microtome having been screwed to the table, and the 
plug lowered by means of the screw, the melted mixture of 
naphthalin and stearine is to be poured into the well. 
When just about to set, the substance is inserted carefully, 
and held in position until the bedding has sufficiently 
solidified. After an hour or more, according to the tempera- 
ture of the atmosidicre, the substance will be in a fit state 
for cutting, and may be performed in exactly the same 
manner as described for vegetable stem.s. 

The section knife is be.st kept in order on an ordinary 
razor-strop, with an occasional touch on a fine Washita oil- 
stone. 

Pdg. 179 shows a longitudinal section of the injected 
kidney of a rat, (\ being the arterial trunk, b the venous 
trunk, and c the glomerulus ; while Fig. 180 is a section of 
luiman muscle showing Trichina spiralis (in situ\ 
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Rutherford’s microtome is also capable of beini^ used as 
a freezing instrument, in a manner easily understood by 
reference to the ac- 
comixinying illustra- 
tion, it being a section 
of the instrument 
already figured. 

The freezing box 
is surrounded with 
several layers of 
flannel, and the ma- 
chine screwed to the 
table. The plug 
K being unscrewed, 
pour methylated spirit 
into the tube C, oil 
the sides of the plug, 
replace it, and depress 
the screw to the desired extent. Remove all s[)irit which 
has come above the plug K, and cart'full)' dost' the margin 
with somehog’s-lard to pre- 
vent the spirit reaching the 
cavity above the plug. 

The embedding fluid is 
made by soaking fivx‘ 
ounces of picked gum 
arabic in ten ounces of 
water, and when it has 
dissolved add two drachms 
of camphorated spirit and 
one drachm of glycerine, 
after which it is to be strained 

* 

through calico, and kept in a bottle, free from dust. This 
mixture, when frozen, cuts very much like a Gruyerc cheese. 


Imc. 179. 
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111 working, place in the freezing box alternate layers of 
finely powdered ice and common salt, taking care that they 
arc pushed well round the tube of the machine ; attach an 
iiidiarubbcr tube to II and conduct the water into ajar or 
pail, seeing also that it is kept open in order that the liquid 
may find easy egress. The mixture of ice and salt must 
be added at intervals, and the contents of the box stirred 
occasionally with a short rod in order to promote the 
escape of fluid. 



The gum solution is run into the well of the microtome 
and covered with a piece of guttapercha ; when the film of 
ice has formed at its periphery, the tissue should be held 
against the advancing film until it becomes fixed in 
position for easy' section. The razor used should be of 
the form already described (R, Fig. i 8 i), and when in 
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use with the freezing microtome it will be unnecessary 
to wet it. 

The top plate would be better made of steel, or even 
of glass, unless razor-guards be used, as though it is 
easy after some practice to prevent cutting into the brass, 
yet this invariably happens to beginners. Do not forget 
to zucll wash the microtome and knife before putting 
them away, and to grease them with some heavy lubri- 
cating oil. 

We now come to the preparation of sections of hard sub- 
stances, such as bone, coal, rocks, and minerals generally. 
Some operators start with a fragment chi[)ped from a 
large specimen ; but without doubt when several sections 
have to be cut, the 
best plan is to resort 
to what is termed 
slitting, being done 
by the microscopist 
himself or sent to the 
lapidary, who will cut 
slices fur a very small 
charge. 

If the operator 
desires a bench of 
his own, it would be 
advisable to have the 
slitter and laps inter- 
changeable, so that 
they may run on the 
same centres. The 
► woodcut, Fig. 182, will 
show how such a bench may be constructed. 

The slitter is a thin wrought-iron disc about 1 1 inches in 
diameter by about of an inch in thickness, and when used 



0 2 



196 


PRACTICAL MICROSCOPY, 


its edge is charged with diamond dust in the following 
manner : Reduce a small splinter of diamond to a fine 
powder on a hard steel plate, then run a small quantity of 
tallow on to it, and mix thoroughly with the steel crusher. 
Press the tip of the longest finger into the mixture, bringing 
away a thin coat. The slitter should then be moistened 
with petroline, and a bloodstone or agate pressed gently 
against it ; at the same time the finger should be brought 
over the revolving disc in such a position that the edge may 
just scrape the tallow off. This should be evenly distributed 
round the edge of the disc, which is readily done by rapidly 
touching it while revolving. 

The rock, fossil wood, or other mineral, is now to be 
ground flat on one side, and firmly cemented by old balsam 
or marine glue (solid) to a glass slide, say 3x2 inches and 
■\ inch thick. This can readily be slid along the guide- 
plate B, insuring perfect parallelism, the requisite thickness 
of each section being regulated by the screw C, which 
raises and depresses the guide-plate. The sections may be 
about Vff of an inch in thickness, more or less, according to 
the subject, but the thinner they are cut, so much more 
labour is saved in the subsequent operations. The sound 
indicates when the slitter is cutting properly. 

One side must be ground down on the leaden laj), which 
may be substituted for the slitting disc A in the bench 
shown in Fig. 182. This lap is about 10 inches in 
diameter and of an inch thick ; it is used with fine 
emery and water for the first grinding, the final being 
performed with still finer emery upon a ground brass 
lap, preferably m;i.de to run in the same direction as the 
face-plate of a lathe— in fact, one of the cheap lathes 
shown in Fig. 183 will do exceedingly well for this work, 
and no doubt the ingenious student will be able to rig 
up a slitter and leaden lap to fit this form of lathe. 
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which may be made a very useful tool by the practical 
microscopist. 

In the grinding operation the student must remember 
that a polish is not necessary. The Canada balsam in 
whicli the section is mounted produces an apparent polish. 



Fig. 183. 


All that is required is to produce a very smooth surface 
free from scratches, and this is readily done with a brass 
lap and the finest emery procurable. The one side of the 
specimen having been brought into the above condition, is 
to be cleaned and firmly cemented with old balsam to the 
centre of a 3 x i-inch glass slide. Th^ balsam is dropped 
upon the centre and warmed over a lamp until, when cold, 
it is just possible to produce an impression with the nail. 
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'I'hc jjals.'im is then to be rendered fluid again, and the 
polished section made gradually hot, when it is let down 
gently, taking care to avoid air bubbles, pressed down 
firmly and then put aside to set thoroughly. After several 
(lays, the rough side may be ground down on the leaden 
lap with emery, and finished off on the brass lap with the 
finest emery. The slide is now finished off by cleaning 
with spirits of wine and a camers-hair brush, then dropping 
some fluid balsam upon the centre of the section and 
covering in the usual way with thin glass. If the glass of 
the 3 X I -inch slide be disfigured with scratches it may be 
covered with an ornamental cover-paper, sold by Wheeler 
and other dealers in microscopic specialities. The fore- 
going meth(3d will produce good results for almost any 
kind (T work ; but of course there are simpler methods 
which may suit the student, requiring however much more 
labour. One of our friends grinds down roughly upon a 
grindstone or emery wheel, and finishes upon an Arkansas 
oil-stone. It is rather tedious work, but produces good 
results. 

Mr. J. II. Jennings gives the following simple instruc- 
tions : — 

I. Preparing sections of hard rocks : In the first place a 
thin chip must be procured by the use of a hammer. This 
chip should be about I inch square, and not more than 
I inch thick ; chips of sedimentary rocks may be thicker. 
Rub the chip down by hand with emery and water on an 
iron plate, until one side is perfectly flat. To remove 
scratches, next rub the chip on a glass plate with fine 
emery, and polish on a Water-of-Ayr stone ; when quite 
smooth, wash it well and let it dry. Meantime place 
some old balsam cxi a glass slip, and warm it over a lamp 
until all the more volatile parts of the balsam evaporate, so 
that on cooling it becomes hard and tough. Do not let the 
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balsam boil. When the balsam is properly hard, warm the 
chip gently over the lamp or on a hot metal plate, brush it 
over with a little turpentine, and re-melt the balsam; then 
lower the chip slowly into the balsam until it is cemented 
firmly and evenly by its flat surface to the glass slip. When 
the balsam is quite cold, the chip is to be rubbed down on 
the iron plate with coarse emery until it is too thin to bear 
any further rough friction. With care, many rocks may be 
brought to the requisite thinness on the iron plate alone, 
and will require little finishing. The necessary degree of 
thinness will vary according to the nature of the rock; but, 
as a general rule, most hard rocks must be cut thin enough 
to read through when placed on the page of a book. When 
the section will no longer bear the friction of the coarse 
emery, remove it to the glass plate, and grind it thinner 
with flour emery, and finally finish it off on the Water-of- 
Ayr stone. The slide, at the finish, will be disfigured by 
deep scratches from the emery, and the section must be 
transferred to a clean slip. Warm the section enough to 
melt the balsam, and push the .section off with a needle 
into a cup of turpentine, and wash carefully with a small 
brush. Now pour a little balsam and benzol solution on 
the clean slip, jdace the section upon it, add a little more 
balsam, and cover. 

2. Preparation of soft rocks and sedimentary rocks gene- 
rally : These arc prepared and mounted in the same way 
as hard rocks, bnt no emery is to be nsed ; they must be 
ground doivn and finished on the three stones mentioned 
above. Some very friable rocks will require a preliminary 
hardening by immersion for some days in a solution of 
(i) balsam in benzol. The balsam must be first baked in a 
cool oven, until on cooling it becomes bard and brittle ; 
then dissolve it in benzol ; or (2) in a solution of shellac in 
alcohol. This is, perhaps, the better of the two. When 
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the chip has remained long enough in the solution it must 
be dried in a warm place. Sedimentary rocks, as a rule, 
do not require to be cut as thin as igneous rocks, so that 
they may be left on the grinding slide, as it will not be 
scratched. 

(,)ne thing is absolutely necessary in either method, that 
is to get rid of all air bubbles in the balsam attachment, 
as if any arc left, the section is sure to wear into holes and 
l)reak. 

Sectiems of I^chinus spine may be cut in the same way as 
above, or with a fine saw improvised from a thin clock 
spring, and the slice ground down by rubbing on a fine 
level Turkey hone, and when thin enough should be 
cleansed with water and a soft camel-hair brush, dried by 
immersion in alcohol, passed through benzol, and finely 
mounted in balsam and benzol, or dry, if required, when it 
is ready for observation. 

Jlard rocks, as a rule, arc easier to prepare than soft 
(UK’S. The latter should be soaketl in turpentine, and then 
in balsam and benzol, afterwards being heated till quite 
hard. 

Coal may be cut and ground into sections in the follow- 
ing manner : — After careful selection of a piece free from 
cracks, a ]u-ism is to be cut h inch or J of an inch square. 
Slices of this, as thin as po.ssible, may now be cut with a 
line saw, and one tacc rubbed flat upon a slab of pumice- 
stone kcj^t well wetted with water, and finally rubbed 
smooth upon a Watcr-of-Ayr stone, water being continually 
applictl to it. The poli.shcd surface is now cemented to a 
3 X I glass slide with marine glue, taking special care not 
to include air bubbles, and the slide put by to set for some 
days. When thifi s taken place, the slice may be rubbed 
down on a flat puce of coarse gritstone with plenty of 
water until almost thin enough to show the structure, and 
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when arrived at this stage, finished off first on the pumice 
slab witli water, and finally on the Watcr-of-Ayr stone. 

The study of coal sections gives us much insight into the 
formation of that peculiar substance. Fossil fungi have 
been found in coal, and described by Mr. Worthington 
Smith as belonging to the genus Peronospora, and the 
plants hav^c therefore been called Peronosporites. They are 
shown in Fig. 184. 

l^one and teeth are generally cut with a saw, and after- 
wards rubbed down with a hone and water. Dr. l^eale 
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objects to this method, as filling up the lacuna: and 
canaliculi with debris, and advises cutting a tliin section 
with a sharp knife, afterwards staining with carmine. Mr. 
George Hoggan described a machine I'or cutting sections of 
hard substances to the members of the Quckett Club, in 
which he stated that each section was cut in two or three 
minutes, which, after brushing away the sawdust, was ready 
for mounting in balsam. 

A few months since. Dr. Matthew:, flescribed a machine 
for a similar purpose at a meeting of the Royal Micro- 
scopical Society, an illustration of which is .shown in 
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Such a machine is clearly only intended for 
si)ecialists, and therefore a full description of it would be 
out of place here. 

iJissections and section-cutting arc generally looked 
upon by the student with awe, as being exceptionally 
difficult. This is not the case : with proper care and perse- 
verance almost any one may become an expert dissector or 
section-cutter, and it is to be hoped that whoever purchases 
a microscope through reading these pages will endeavour 



to do some useful work, and not be content with mounting 
a few crystals for the polariscope, or with soaking an insect 
in potash, and mounting in balsam, believing that is all 
that need be done with it. 



CHAPTER IX. 


'rilK DELINEATION OF OBJECTS — MICROSCOTTC 
MEASUREMENTS. 

Wic have iKnv to dilate upon the importance of sketcliiiii^ 
eveiytliini^ of interest the observer may see under the 
microscope. 

Dr. locale says: “The student cannot too soon try 
to delineate what he demonstrates. He will teach himself 
to observe the more accurately and the more quickly if he 
record the results of his work in pencil sketches. A truthful 
drawing of what a man has recently seen may be compared 
with drawings made loo years hence ; and althouf^h the 
means of observation will be more perfect than they are at 
present, such comparisons may be useful in many ways, 
and especially in preventin<j^ erroneous conclusions from 
becoming popular.” 

It cannot be too strongly impressed upon the reader, of 
the advisability of frequent practice with the various 
means devised for this purpose. Microscopical contribu- 
tions to our scientific papers, communications to societies, 
and even the results of our every-day observations, all 
become more interesting if illustrated in some way or 
other. 

There are many methods by which microsco[)ical objects 
may be delineated. They may be roughly drawn by means 
of pencil and paper, guided by the eye .alone or assisted 
with the use of a circle of glass ruled into squares, made to 
rest upon the diapliragm of the cyc-[)iece ; the paper, in 
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this case, may also be faintly ruled into squares, and by 
this means, especially after a little practice, very accurate 
drawings can be made. Enlargements and reductions can 
also be just as easily 
drawn. A glance at 
Figs. 1 86 and 187 will 
illustrate this. The for- 
mer represents what the 
observer is supposed to 
sec upon looking dow’n 
the eye-piece of the 
microscoi)e ; while the 
latter delineates the 
figure produced by the 
pencil upon the ruled 
paper. 
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Another method for the delineation of objects is by the 
use of the canicra-lucida or neutral tint reflector, which by 
a little practice becomes a very accurate process. The 
ordinary camera-lucida consists of a prism, and apparently 
throws down an image of the object upon the paper below it. 

This is the same with the neutral tint reflector ; it is 
made of a small piece of plate 
glass, slightly coloured and arranged 
at an angle of 45"^ with the eye- 
piece ; it is shown in Fig. 188. 

There is a fault with nearly all 
reflectors hitherto made ; the glass 
is too thick, and consequently two 
or more images are formed of the 
object, which come into view by i.'i,; 

a slight movement of the head. 

To remedy this, a writer in ‘ Science-Gossip ’ proposed a 
head-rest, but even this may be dispensed with if the glass 
used be of the same thickness as an ordinary cover, such 
as is used in the mounting of objects. In the construction 
of a reflector for drawing purposes, it is only necessary to 
hold a thin glass cover at an angle of qS"" with the eye- 
glass, in such a position that the centre of the cover C(hn- 
cidcs with the optical axis of the microscope. Surely 
students interested may manage to do this for themselves. 

When using either the camera-lucida or the neutral tint 
reflector, the cap is removed from tlie eye-piece and the 
accessory placed in its stead, the microscope arranged hori- 
zontally, and tlie paper placed under it uj)on the table, as 
shown in l"ig. 189. 

The instrument shown is one of Messrs. Ross’s make, 
and is nicely balanced in all positions. Messrs. Swift and 
Son place a stop on most of their stands, so that it is easily 
known when the body is either horizontal or vertical. 
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The most important point to be remembered in the use 
of these reflectors is the proper management of the light. 
Perhaps the student will fail at first in seeing together the 
pencil and the object, but this difficulty will vanish upon 
securing the proper illumination. The light must not be 
concentrated too strongly upon the object, neither should 
the paper be placed entirely in the shade, the student soon 
arriving at the happy medium after a few trials. 



In order to obtain the same degree of amplification upon 
the paper as appears when looking clown the tube of the 
Instrument, the paper must be placed at the same distance 
from the camera-lucida as that accessory is situated from 
the c:)bjective front ; but the magnification is generally 
expressed at a distance of lo inches. 

Another form of this instrument is Nacliet’s, for use with 
vertical microscopes, with the ordinary pattern when used 
vertically with immersion lenses or in any other position of 
the instrument. 
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A diai^ram of this form is shciwn in Fi^. 190, from whicli 
the reader will see that it consists of a prism of nearly 
rhomboidal form placed with one of its inclined sides over 
the eye-piece of the micro- 
scope. To this is cemented 
a segment of a small glass 
cylinder, constituting the com- 
plete apparatus. This enables 
sketches to be made with the 
microscope body disposed 
vertically with the greatest 
case, as although the ordinary 
camera-lucida or neutral tint 
re Hector can be used with the 
microscope in this position, 
still drawing from it in this way is not a comfortable 
operation. 

A camera-lucida somewhat similar to the above is made 
by Mr. Swift and shown in Fig. 191 ; it can also be used at 
any inclination of the optical tube of the microscope. 

There is another method by means of which microscopic 
objects may be faithfully delineated, and that is by photo- 
micrography. This art is usually con- 
sidered a difficult one, and when we arc 
confronted with the fact that nearly all 
who have written anything upon the 
subject have advised the use of a host 
of complicated paraphernalia, it is 
scarcely surprising that such an opinion 
should have gained ground. The vast 
array of apparatu.s, condensers of peculiar construction, 
blue cells, heliostats, and even to a special room set apart 
for the camera alone, must have been ([uite sufficient to 
frighten any one with only their evenings at leisure. 



Kk;. 191. 



Fig. 190. 
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An ordinary microscope’ and photographic camera, as 
shown in Fig. 193, is all that is absolutely required for this 
work, though with some it may be more convenient to use 
the apparatus illustrated by Figs. 192 or 195. 

TIic camera proper is made to remove from the base- 
board, but this is for portability only. The base-board 
should project for some distance in front of the camera to 
carry the microscope and illuminating apparatus as in Fig. 
I93i l^hat the whole may form a solid continuous base. 
This is necessary, as well as a good firm table upon 
which to place the apparatus, and this must be (piite free 
from any vibration to insure perfect sharpness of the 
image. 

Of course the length of the base-board and of the camera 
body w’hen extended must vary with the amplification re- 
quired. The diameters to which an object is enlarged in 
the camera (Fig. 192) when the sensitive plate is at a distance 
of 36 indies from the object, may serve as a guide in this 
direction. 


} 1 >osignaliuii. 

1 

I )i.iiiictcr^. 

.I'-.i , f ■» • W \tii tlic V.\ c* 

Without r,\ c-iiiccc. . , 

^ * plLCC. 

j 4 iiKh .. 

12 

36 

1 2 ,, 

21 

^>3 

1 * n • • • • 

37 

1 10 

1 A „ .. .. 

So 

240 

1 f ,, 

173 

520 

' > 1 

360 

1000 

1 

1 > 

530 

1600 


If the operator prefers to work with the eye-piece in 
addition to the objectiv'c, the camera need only be a 
short one, say extending from four inches to twelve, the 
apparatus being arranged as shown in Fig. 193. At this 
latter distance he will get the same degree of amplification 
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A centimetre will be found a convenient measure to 
represent one revolution : the millimetre will then equal 
ten of the smallest divisions of the milled head, or iV of a 
revolution ; these smallest divisions, or thousandths, need 
not be regarded, as without them the spectrmri will be 
divided with sufficient accuracy. Next measure the dis- 
tances between the Frauenhofer lines. This should be done 
with great care, as when once determined it will be constant. 
The lines A and a need not be measured, as they are in 
the dark part of the red, and are only to be seen in an 
extremely bright light, so will hardly be required in prac- 
tice. The same remark will apply to the line II. The 
spectrum to be measured will therefore extend from about 
B to a little beyond G. 

Ivet this scale be drawn on cardboard and preserved for 
reference. Now measure the position of the dark bands in 
any absorption spectra, taking care for this purpose to use 
lamplight, as daylight will give, of course, the Frauenhofer 
lines, and tend to confuse the spectrum. • If the few lines 
occurring in most iibsorption spectra be now drawn to 
the same scale as the solar spectrum, on placing the scales 
side by side, a glance will show the exact position of the 
bands in the spectrum relatively to the Frauenhofer lines, 
which thus treated form a natural and unchangealde scale. 
But for purposes of comparison it will be found sufficient to 
compare tho two lists of numbers representing the micro- 
metric measures, simply exchanging co[)ies of the scale 
of Frauenhofer lines, or the numbers representing them 
will enable observers at a distance from each other to com- 
pare their results, or even to work simultaneously on the 
same subject. 

Owing to the sliding and other fittings between the 
prisms and the slit, tlie micrometer cannot be depended on 
for pointing to the position of a line by setting it to the 
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number recorded on the scale, but is only to be used for 
measuring between lines, and for this purpose it may be 
trusted. 

Dr. Dawson has suggested that the great advantage of 
this contrivance is that it does not monopolise one of the 
two spectra, as with the use of the quartz scale ; for in 
describing two spectra, only slightly differing from cacli 
other, it may be used at once to determine the difference 
between them. 

In concluding this chapter it may be as well to give a 
short list of substances showing well-defined absor[)tion 
bands, such as may be of use to the student upon commenc- 
ing to use the instrument. 


Nitiati' of (lidyiniuin. i 

(.)xul:ili' ijf ,, j 

Oxide of ,, (Idowpipc- | 

l.cml). I 

(ddoridc (d cobalt (in alcohol). 

,, ,, (in chloi ide of 

calcium). ■ 

,, ,, (aciystal). 

('obalt i^lass (bliu'). 

Sul[)bate of uianiuni. 

Accliitc of ,, 


Oxalate of chromium and soda. 
Sulphale ol chromium. 
Permani^anate of potash. 

Kilby i;lass (co[)per). 
Ammomo-sulpliate of cop['er. 

The amhne colours. 

I'lie naphthalene ctdours. 
liidij^o sul[)hate. 

( hu mine. 

Litmus (blue and red). 
'I'hecolouiin^^ matteisof plant jietals. 
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STAINING AND I N | i:CTI N( 

In many instances it is necessary to stain a preparation — 
?iot vicrcly to form a pretty object -Act tin’s be understocnl at 
the outset ; but to show certain details of formal ion not 
easily discerned in an unstained specimen. When aniline 
blue and mai^ciita are used for the double staininL^- of 
vegetable tissues, such as the section of a Jbirdock stem, 
Mr. Ihirrett tells us the different parts arc stained as 
follows : — 


I’itli \'cry p:ilc 

Cellular tissue I Icc]) niai^cMilu. 

Spiral vc's'ii K of me lullary slioatli .. l)ccj)J;hu;. 

I'itled vessels liluo. 

('aiubiuiii I)oe]> Idue. 

Tiber cells Durk inai^fenta. 

Taticiferoiw ves^eK Deep blue. 

('utiele parenebyma I’ale blue. 

I'.pideiiuis De(>p blue. 

Ilaiis Tale inuj^iMita, 


Mr. Stiles, in a paper to ‘The Northern Miciaxscopist,’ 
makes thc/ollowing remarks upon this subject : — 

Stems of all kinds should, if po.ssible, be cut when fresh. 
If they cannot be obtained in this state, they may, previous 
to cutting, be soaked in cold or tepid water, or in a mixturt^ 
of equal v'olumes of spirit of wine, glycerine, and water. 
Fresh stems or roots can be preserved in this medium for 
almost any Icngtli of time, and will remain in e.xcellent 
condition for the section machine. 

Loy'ioood Staiinnif . — Wood sections require bleachin<.>' 
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before bein^ stained. The bleaching solution is made by 
mixing { oz. of chloride of lime with a pint of water, 
shaking occasionally for an hour, and after allowing the 
sediment to subside, decanting the clear solution. The 
t)roccss of bleaching should be carefully watched and 
stopped when complete. Tissues vary so much in colour 
and density that no fixed time can be given for bleaching 
them. Very thorough washing is necessary. The elimina- 
tion of the chlorine will be much facilitated by placing the 
sections, after removal from the bleaching liquid, in a solu- 
tion of sul[)hite of soda (i drachm to 4 oz. of water) for an 
hour, then washing the sections by soaking them for at least 
six or eight hours in water, changing occasionally, and 
finishing with distilled water. If they are not to be stained 
at once, they should be preserved in water containing 
20 per cent, of alcohol, as when kei)t in water only, in the 
course of two or tliree days they become covered with a 
peculiar fungus growth. At this stage all air-bubbles 
should be removed from the tissue. This is conveniently 
done by placing the sections in dilute alcohol, putting them 
under the receiver of an air-punq), 1^'ig. 222, and exhausting 
the latter, repeating the pum[)ing occasionally so long as 
air-bubbles are given off. For this purpose a small tube 
bottle is employed about 1 .J, inch long, and a receiver just 
large enough to hold it, the process being thus rendered a 
rapid one. 

Where it is rectuired to uniformly stain the section in 
order to render prominent the more delicate cell walls, 
logwood answers exceedingly well and is very permanent. 

LO( '.WOOD S ( ) I . I > l' I ( ) N . 


Logwooil, in coarse powder 20/. 

Instilled water 10 oz. 


Boil for half an hour in a glass beaker, replacing what is 
lost by evaporation ; strain, and to each ounce of liciuid 
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when cold add 60 grains of alum and one drachm of 
alcohol, rub well together, filter through paper, and preserve 
ill a stoppered bottle. 



Staining Process. — M ake a filtering cone by twice 
folding a piece of filtering paper about i ^ inch diameter ; 
sujiport this in the neck of a small beaker or tube, and 
filter through it about ten drops of the above liquid, add 
thirty drops of distilled water, place the sections in the 
mixture for five minutes (more or less), pour off the .stain, 
wash once or twice in distilled water, then soak for half an 
hour in a solution of alum (20 grains to the ounce), remove 
this, wash well with distilled water, and preserve in alcohol 
so as to be ready for mounting. 

The logwood solution prejiarcd in tilis way gives more 
satisfactory results than when made as usually recoin- 
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mended from extract of logwood, the latter being a very 
variable article. 

h'or double staining, wliich is more generally useful than 
the method just described, many formulae have been given, 
the process having originated with Mr. G. D. Beatty, of 
Jlaltimore, U. S. A. 

Perhaps the best [)aper in this country upon the subject 
is that which appeared in the pages of ‘ Science-Gossip,’ 
for January i88o; but even the process therein described 
is in several points open to modification and improve- 
ment. 

Mr. A. J. Doherty, in a pa[)er to ‘The Northern Micro- 
scoi)ist,’''' describes at .some length the method of staining in 
carmine and grc'cn. The art consists of five stages or [iro- 
cesses — i, decolorising the sections; 2, washing the same; 

preparing' for staining ; 4, staining in carmine ; 5, staining 
in green. 

After bleaching and thoroughly washing to eliminate all 
the chemicals, as already de.scribed, in order to obtain dee[) 
colours, the sections must be steeped in a mordant com- 
posed of a 10 per cent, solution of alum and water for 
twenty-four hours, at the end of uhicli time the}’ wUl be 
ready to be placed in the first staining fluid, the formula 
fin* which is as follows: — 

Canuiiio 15 

Ammonia 15 's- 

Water ' 20/.. 

d'he carmine is to be dissolved in the ammonia over the 
(lame of a spirit-lamp, the v ater added next, and the fluid 
filtered before it is used. 

Immerse the sections in this stain for six or eight hours, 
then take them out, and wash them in not more than two 
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changes of water, and finally transfer them to the green 
stain, for which take — 


Aniline green 5 griin^. 

Al)Solute alcohol i oz. 


Dissolve in a test tube, using a slight heat only, to avoid 
any unpleasant mishap, and filter before using. After a 
three hours’ soaking in the above, the staining will be com- 
pleted, and the sections should be mounted without delay, 
after having washed the superfluous colour away with 
methylated spirit. The method of mounting these will be 
given later on. 

Sfainiug in Picro-carniinc* — Picro-carmine is the most 
truly selective of any double stain yet emi)loyed. A 
special modification of it is required for wood sections as 
follows : — 

PlCRO-CARMINK SOLUTION. 


Carmine (finest) 2 grains. 

Li(iui(l amnionia (sp. gr. ’960) .. .. ^ drachm. 

Distilled \\ater l oz 


Put the carmine in a 2-ouncc stoppered bottle, pour in the 
licpiid ammonia, and shake occasionally until dissolved, 
then add the water. 

Picric acid 8 grains. 

Alcohol I ()/. 

Dissolve in a test-tube with a gentle heat, then mix with 
the solutioi? of carmine. 

Staimxc Pk(;CE.s.S. — Place the sections in 50 per cent, 
alcohol for one hour, then treat with the recently filtered 
staining solution until the desired effect is produced (usually 
from half to two or three Inairs), remove the dye, wash 
quickly three or four times with alcohol 50 per cent., then 
soak • in an alcoholic solution of picyate of ammonia. 


" .Ml. M. II. Slika in ‘ J lie Noithcrn .Micio^coj-iat,’ July 18S1. 
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changing this at the expiration of an hour, and allowing 
the sections to remain in the second solution for about the 
same period. 

The logwood stained sections, after being well washed, 
are soaked in alcohol for an hour, then removed to oil of 
cajeput, and allowed to remain in this for a couple of 
hours ; at the end of this time transfer them to oil of 
turpentine. In less than an hour they will be ready for 
mounting in balsam or dammar. The sections should not 
be allowed to remain long in the turpentine or else they 
become brittle. 

In tile case of picro-carmine stained sections they should 
be removed from the alcoholic solution of picrate of 
ammonia into alcohol for about a minute, then into oil of 
cajei)ut. 

The object of employing an alcoholic solution of picrate 
of ammonia is to avoid the loss of colour which attends the 
use of alcohol only, the yellow stain of picric eicid being 
readily removed from the tissue by that liquid. Picrate of 
ammonia may be easily made by adding a slight excess of 
licpiid ammonia to a solution of picric acid, and evaporating 
the mixture to dryness at a gentle heat.* The residue is 
dissolved in alcohol and filtered. 

Wood sections stained in picro-carmine are very beauti- 
ful and permanent. The staining being done at one 
operation, and the colours being remarkably selective, 
there is an absOnce of secondary tints, as in the case of 
most other double stains, especially where one tint is 
partially washed out to make way for another. 

Regarding permanence, some stained sections mounted 
nearly five years ago appear to have retained their 
brilliancy unimpaired. 

* This salt had better be pinch. iscd by the .'jtutlent, as the piciates explode 
viidently when ovei -heated. 
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In place of alcohol, mcth^'latcd spirit may be used if 
desired. 

1 he chronio-lithoL^raph formiiv^ the frontispiece to this 
work, illustrates very clearly the value of the forcL^oing 
methods. The four outside figures are specimens of 
double-staining in carmine and green, some of the admi- 
rable specimens of Mr. Ward, of Manchester, while the 
centre figure is a representation of the slide sent by Mr. 
Stiles, of Doncaster, to illustrate his [)apcr on picro-carmine 
staining in ‘The Northern Microscopist.’ 

Histological (animal) staining differs somewhat from the 
foregoing, many processes having been devised to strikingly 
differentiate the tissues. In 1876, Dr. h’lizabeth lloggan 
described a process with iron and pyrogallic acid as 
follows — 

“ The colouring agents recpiired are a one or two per cent, 
solution of perchloride of iron in alcohol, and an alcoholic 
solution of pyrogallic acid of similar strength.’' 

The section or membrane to be stahicd is first treated 
for a short time with alcohol, the iron solution filtered 
upon it, and then poured off after a couple of minutes. 
The pyrogallic solution is then filtered upon it, and 
when the desired depth of staining has been obtained, 
the tissue is washed and mounted in any of the usual 
ways. 

The nuclei and nucleoli are by this means coloured 
black, and the cell-substance coloured more or less. A 
bluish tint may be imparted by washing in alkaline water 
or in water highly charged with carbonate of lime. 

Osmic acid has been frequently recommended for 
staining animal tissues black, but it is doubtful whether 
anything is gained by its use. Dr. G. Brbsicke, of Berlin, 
advises a mixture of osmic and oxalic acids for this 
•'** ‘Journal of ihc (juckett Clul),’ iv. }>. iSo. 
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purpose. Tliiii sccti(>ns of animal tissues arc placed in a 
one [)er cent, osmic acifl solution, and then carefully 
washed to remove all superfluous acid. They must then 
be immersed for about twenty-four hours in a solution of 
one part of oxalic acid to fifteen of water, when after 
wash in they are ready for examination. 

'file oxalic acid produces darker or lighter shades (carmine 
and Jhirgundy tints) in proportion to the length of time 
the section lias ])een immersed in osmic acid, but if the 
tissue lias once become blackened, the oxalic solution is 
powerless to redden it afterwards. 

Chloride of gold solution has been cm[)loyed for colour- 
ing lU.Tve-fibres ; a solution in water of one or two grains to 
the ounce is generally used. The section should be soaked 
in the solution until it has acquired a straw-coloured tinge, 
it is then to be washed and placed in a one per cent, solu- 
tion of acetic acid. In the light the nerve-fibres become 
coloured a blue or violet tinge in a few hours. Nitrate of 
silver is a vei*)' important agent for the staining of animal 
tissues. Dr. IJonel ]]cale writes, “A weak solution maybe 
imbibed by delicate tubes, and part being precipitated in 
the tube, perhaps as a chloride, or in combination with 
some albuminous material, subsetpiently becomes decom- 
posed by the action of light.” 

Recklinghausen, who has cnq^loyed this plan with much 
success, uses a very dilute solution, made by dissolving 
one grain of nitrate of silver in fix)m one to two ounces of 
distilled water. 

In 1863, 13 r. Roberts, of Manchester, used a solution of 
tannin and magenta for staining the red human blood- 
cor])uscles, and this is a subject which still rccjuires 
inwstigation. 

Dr. Heale’s carmiMc fluid for staining all forms of bioplasm 
of living things is made as follows: — 
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Cannino 10 -1,1 ins. 

Licjiior ainmoniai S vlrachin. 

(ilyccrinc 2 i>/. 

I )istillocl water 2 o/. 

Alcohol o/. 


The carmine is to be dissolved in the ammonia, boiled 
for a few seconds, and set aside for an hour ; the <^l} eerine, 
water, and alcohol may then be added, and the whole 
allowed to stand until thorouq;hly settled, when the clear 
fluid is to be decanted and kept for use. Dr. Ileal e tells us 
that if the solution be very alkaline, the colourint;* will be 
too intense, and much of the soft tissue round the bio|)lasm 
will be destroyed by the action of the ammonia; if, on the 
other hand, the solution is neutral, the uniform staininj.;* of 
tissue and bioplasm may result. In some cases the fluid 
must be diluted with alcohol, water, or g'l)'cerine, in order 
to Li'et the best results; rind Dr. Ileale observes that the 
l)rocess should not be hastily condemned without tryini^^ 
the effect of modifying* the quantities of the various 
constituents. 

There are many otlicr processes to be found scattered 
through the images of microscopical literature, but s[)ace 
compels us to close the sulqeet here. 

The t)rocess of injecting slioukl now claim our attention, 
tluHigh it is feared that actual practice with the s)’riuge 
will be found of far more use than any written instructions 
can ever be# 

There are two methods of making injcction.s, opacpie and 
transparent ; in the former the colouring matters, such as 
vermilion, chromate of lead, white lead, or Prussian blue, 
are well mixed with size made of gelatine, of such a 
strength that it will form a firm jelly on cooling. To make 
the size, soak one ounce of gelatine in a [)int of w^ater over- 
night, and dissolve with heat in the morning. 

The colouring matters must be mixed up in a mortar 
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with the size, poured into a tin vessel placed in hot water, 
and strained through fine muslin into another, just before 
it is required to be used. It must not be forgotten that 
when size is used, the preparation to be injected must be 
steeped in hot water, and kei)t warm until the operation is 
finished. 

Opaque injections in various colours often form very 
instructive objects. An injection of the liver illustrates 
this very well : the artery may be injected with vermilion, 
the portal vein with white lead, the duct with Prussian 
blue, and the hepatic vein with lake. A section of an 
injected kidney, with Prussian blue and lake, is also a 
[)leasing slide wlien well performed. 

After all, opaque injections have but a limited scientific 
value, and therefore the student is advised to utilise his 
energies upon the transparent class, as they can be 
examined with all powers, and when preserved in fluids 
the most delicate structures retain their integrity. 

The Prussian ‘ blue fluid for transparent injections is 
made as follows (Beale) : — 


(llycorino i o.;. 

Alcoliol I o/,. 

Fcrrocyanklc of potassium I2 i;iains. 

'lifia. ferri perchlor l dracl mi . 

Water 4 oz. 


ihe feiTocyanide is to be dissolved in an ojince of the 
water and the glycerine added, while the Titict. ferri per- 
c/dor, is separately mixed with another ounce of the water. 
1 hese two solutions should now be mixed very gradually, 
and well shaken, the iron being added to the ferrocyanide ; 
the mixture of spirit with the remainder of the water must 
now be added very gradually, when the fluid is ready for use. 

Dr. Beale’s c^irmine fluid is made in the following 
manner : — 
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IJcj. aiumoni.o 5 (.Irops, 

Carmine 5 ^rain^. 

Cjlycorip.e i.\ o/. 

Acetic acid S drop'^. 

(llycerine 1 o/. 

Alcohol 2 drachms. 

^^ater *6 draclmw. 

Dissolve the carmine in a few drops of water, and the 
liquor animonim at a gentle heat, and when dissolved add 
half an ounce of the glycerine. Shake well, and then add 
gradually half an ounce of the glycerine in which the acetic 
acid has been dissttlvcd, well .shaking the bottle between 
each addition. If not decidedly acid to litmus paper, a 
few more drops of acid must be mixed with the remainder 
(^f the glycerine, and added as before. Lastly, add the 
alcohol and water very gradually, well shaking until the 
whole is well mixed. 

The author does not intend to enter further into the 
details of this branch of microscopy ; with the foregoing 
solutions the student will be enabled to learn the elements 
of the art, and if afterwards lie has a desire to jiroceed 
further, he will find full instructions for many fluids in ‘ Das 
Mikroskop,’ by Dr. h'rey, or in the admirable treatise of 
Dr. Lionel Beale. 

The operation of Injecting ’, — The various steps in the pro- 
cess of injecting are very similar, whether the object be 
treated for the opaque or transparent methods, though in 
the former*instance it must be placed in warm water until 
the temperature has been sufficiently raised. 

The nece.ssary apparatus will be found as follows: — 

A syiin4;c witli pipes and st()i)Cocks. 

Conical coiks. 

iJi^-ccling knives (Fi^. 153 )* 

Jiisscclin^ sci’.-.ors (Figs. 154 -56). 

Forceps (Fig. 158). 

Full- nose forceps. 

Wash ]>ottle (Fig. 223). 
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The first ()[)er;Lti()n is that of the vessel we wisli 

to ii'‘ject, such as tlie artery of the kidney, or the licpatic 
vein of the liver. An openinc^ beini^ made, one of tlie 

small pipes of the syrinc^e is tlirust in and 
tied round witli a piece of waxed silk, so 
that there may be no danj^er of withdraw- 
lUY fhe l^ipe before the conclusion of the 
operation. All the vessels communicatini;' 
with the one in wliich the i)ipe is connected 
must now be tied with silk to prevent the 
esca[)e of the injecting fluid, and several 
])airs of bull-nose forceps should be at hand 
for the ])ur|)ose of closing any which ma}^ 
by accident have been left o[jen. 

Hefore the pipe is inserted a little of the injecting fluid 
should be drawn up to fill it. When all is read}^ tlu' 
s)aingc: should be filled and emptied a few times with the 
Huid in order to get rid of all air, especially below the 
stopcock, and fitted to the pipe already in the pretiara- 
tion. With a firm pressure the syringe must be alxnit 
three-fourths emptied, again refilled and injected until the 
operation is complete. 

When si/.e is em[)lo}'ed, aftc-r having tied up the vessel 
where the pij^e was inserted, the whole should be left in 
cold water for live or six hours, in order that the si/e ma)' 
thoroughly set, after which sections may be cut, as directed 
in Cha[). \TIT. 

Injected s[)ecimens may be preser\ed in glycerine or in 
a mixture of etpial parts of alcohol and water, until required 
for examination ; carbolic acid water is also useful for this 


purpose. 
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THE pRiawRATroN AND MouNTixc; ov opjia^rs. 

We have ik^w clc.scribccl most of the processes incidental to 
microscopical research, and wliich should be applied to 
specimens in order to j^ain some insi^^ht into tlieir i)eciili- 
aritics or their structure. No doubt many students will 
think that we have delayed unnecessarily the preparation 
of objects for mountini^, and the subsecpient process whereby 
they may become permanent objects of interest, and that 
we have taken pains to describe in detail i)rocesses much 
more difficult than mountiipe:'. 

We do not think this. It may be thouciht an easy o])era- 
tion to place a piece of sea-weed in Canada balsam, and 
cover it with a circle of thin j^lass ; or to soalc an insect in 
potash, to squeeze out the internal orqans, finally mounting- 
in balsam and benzol ; but this is not tin,* style or class of 
mounting which we wish to see bec<une general. 

Dr. IVlletan, in a letter to the ‘Journal de Microqnqihic ’ 
(iii., No. 3, p. 139), speaks very stronqly of the scientilic 
value of niicroscopical preparations. In speakiivq of the 
method of mounting insects he says: “Others, more in- 
genious, mount large insects or immense spiders entire after 
having emptied them of their contents, and these preqiara- 
tions have really a magnificent appearance. Ihit alas I the 
integument is all that has been preserved, and the little 
that remains of the internal organs is represented by a 
unifeirm transparent mass, in which the* micn^scopist finds 
nothing to stud)'.” He also adds further on: “I would 
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not say that all prcparations’wliich I call trivial arc useless ; 
most certainly not. If they are not satisfactory to savants 
they interest atnatenrs, and they teach many things that 
otherwise would not have been known. They are also 
useful in iMigland, where they arc sold in large numbers, 
because among our neighbours the microscope is more used 
for amusement and as an object of luxury than for working 
pui'iKJses.” 

We cannot fully endorse the opinions of Dr. Pclletan, 
though it would be more satisfactory to find an improve- 
ment in the general mounting of objects ; and to prepare 
one or two slides of a subject zvcll would be of far more 
value than mounting a ho.st of second-rate ones for ex- 
changes; and further, we wwild like to see far more experi- 
ments ui)oii subjects mounted in different media than exists 
at present, and what with interchange of opinions upon this 
subject at our various microscopical society meetings, w'c 
could scarcely fail in rendering our cabinets more inter- 
est ing and our preparations more permanent. 

The nKumting of objects and their preparation for this 
l)iirpo.sc is by no means an easy operation, especially if our 
slitles are to be permanent and of scientific interest. The 
conditions are ever varying, and it requires a good know- 
ledge of the properties of the various substances generaliy 
used in this branch in order to know beforehand what their 
actions will be on this or that objector portion of it. Even 
a process w^hich would do well for some particular class of 
objects is often found to fail with some of them. If, for 
instance, the marine alga J>angia fiisco-purpiirea be mounted 
in balsam and benzol it will represent it in its natural con- 
dition, while if we try to preserve Dasya coccinea in the 
same manner we shall fail miserably. In other instances 
we may find many alg;e which may be successfully mounted 
in Deane’s medium, while if we try to put up the first- 
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named algne in it we get nothing but a swollen tube con- 
taining swollen endochromc. Thus it is that many objects 
arc spoiled by the lack of knowledge of various preparers, 
and also by the fact that some who should possess this 
knowledge perform their operations so rapidly that it is 
impossible they can produce uniform and permanent work. 
And what do we see when we cast our eyes over the con- 
tents of various cabinets ? Drawer after drawer is scanned, 
and if the third of their contents are passable, from a 
scientific point of view, the possessor may be congratulated. 
What can be done to get microscopy out of this groove } 
Slower work, more time in preparing, more care, the rejec- 
tion of all middling or bad slides, the study of the object 
before proceeding to mount it, mounting but few slides, and 
last and not least, the careful study of the effects of the 
various varnishes, cements, and reagents upon each other, 
and upon the various objects they arc intended to preserve. 

For the preparation and preservation of objects for the 
microscope certain pieces of ai:)paratus are. cither necessary 
or useful, and although many makeshifts can be em2)loyed, 
we give illustrations of the various instruments most gene- 
rally used. 

Objects arc generally mounted upon glass slides, or 
“slips,’' as they arc sometimes called, which measure three 
inches in length by one in breadth, and of various thick- 
nesses. They arc sold either with rough edges or ground 
edges as may be required; but there is so little difference in 
price between the two varieties — the latter possessing so 
many advantages — that tlic student is strongly advised to 
purchase ground edge^ only. 

The ordinary flatted crown slips arc the cheapest, but 
should never be used for fine w'ork, those of plate glass 
being preferable, and even this should be selected if recpiired 
for mounting objects requiring delicate attention to illumi- 

'X 
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n.'ition. All kinds arc generally fairly clean when received 
from the dealer, but must, nevertheless, be beautifully 
{)olishcd before any object can be mounted upon them. 
The thorough cleansing of the glass is an important step, 
as the slightest film of grease is a preventive of perfect 
adhesion of any varnish or cement which may be subse- 
fluently used. Ammonia has the power of converting 
grease into soap, and spirits of wine will dissolve the two, 
and as some kinds of dirt require friction to remove the 
following is perhaps the best formula for a mixture for 
cleaning slides : — 


Litjuid jiiniiKinia (sp. lO drops. 

Mctliylatcd spiiit .. .. 2 o/. 

Water i} oz. 


sufficient to make a tliin cream. 

Rose-wood slips, also 3 inches long by i broad, are 
also used for mounting objects, either with sunk cells or 
with holes bored right through ; but the student will find, 
perhaps only after a valuable scries has been spoiled, that 
wooden slides [lossess no advantages over those of glass, 
and have very many objectionable (lualities. 



Fig, 22 ^. 


In mounting objects, a slide-ccntcrcr should be employed, 
in order to make the finish as presentable as possible, as it 
will generally be found that a slovenly finish means a bad 
jireparation, thoaigh this is by no means ahvays the case. 
The most simple form of centcrer is shown in Fig. 224, 
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which is simply a piece of very stiff card, upon which the 
lines and circles can be drawn. 

Another form of centerer for slides was illustrated in 
‘ Science-Gossip * for 
1879, from which the 
accompan y i n^ sketch 
is taken (Fig. 225) ; 
the device is so sim- 
ple that it needs no 
description. 

The object is nearly always covered with thin glass, 
either scpiares or circles, and is sold by the ounce in 
sizes for circles, increasing by eighths of an inch. It is of 
importance that for high powers used dry the cover-glass 
should be of uniform and great thinness. When pur- 
chased they should be selected according to thickness, and 
each variety used for its special purpose. The thickness 
may be ascertained in various ways. In one, the cover 
may be held in the stage forcei)s edgeways, and measured 
by observation with the micrometer eye-piece shown at 
Fig. 202. 

Another method is by the lever of contact as made by 
Messrs. Ross and Co., or the cover-glass measurer devised 
by M. Schbnemann, called the ‘‘ measuring wedge,” and 
shown in Figs. 226 and 227. 


In order to measure the thickness of a cover-glass the 
instrument should be free from dust, and the wedge drawn 
back until the cover can be placed between the wedge and 
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Fig. 227. 



'r 2 




2^6 


PRACTICAL MICROSCOPY, 


the piece d. The wedge is then closed until the motion is 
stayed by the glass, when the number of the divisions indi- 
cating the thickness can be read off. 

None but the very thinnest glass can be used with the 
dry .A and r/o objectives; it is much more expensive and 
difficult to cut than ordinary cover-glass. 

Cells and Cell-making.— M.,xny objects recpiiring to be 
l)ermanently mounted arc of such a thickness that the thin 
cover needs some support at its edges, or again others are 
belter preserved when mounted in fluids, and for these pur- 
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\>oses cells are employed. These are of several kinds, but 
may be conveniently divided into three classes, varnish 
cells, solid, and built-up cells. 

The cell-making machine was originally devised by Mr. 
Shadbolt, as a simple brass circular plate about three inches 
in diameter, upon the surface of which w as placed a pair ol 
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springs for the purpose of holding down the glass slip ; it has 
been the parent of several forms supposed to be of great 
benefit to the microscopist. In order that the slides may 
be easily centered, the table is usually engraved with a 
scries of circles ; but it is readily seen that such centering 
can only be approximate. 

In order to centre the slides accurately in one direction, 
that of width, Zentmaycr introduced the simple device of 
fixing a couple of pins equidistant from the centre and at 
opposite sides of the table, the slide being so arranged that 
it touched both of these pins. This centres for the width, 
and in length this is accomplished by a series of circles near 
the edge of the table, the operator making the adjustment 
from inspection of these. 

In 1870 Dr. Matthews devised a turntable (Fig. 228) to 
accurately centre slides in the direction of their width, and 
this possessed the further advantage that no springs or 
other portions of the tabic rose above the slide, to catch 
the fingers or brush, during its revolutions ; and in the next 
year Mr. J. B. Spencer, in a 
communication to * Science- 
Gossip,’ showed how this 
might be made in hard wood 
by the microscopist himself. 

In ‘ Science - Gossi[) ’ for 
1874 Mr. ih'idgman described 
and illustrated a form of turn- 
table (h'ig. 229) which, though 
not sclf-ccntcring, enabled a 
slide to be always placed in 
the same position upon it, so 
far as the centre of rotation went. In 1875 i\Tr. C. F. Cok, 
of New York, devised a self-centering,^ turntable, con- 
sisting of the circular revolving plate, in which was cut a 
slot in the direction of its diameter, and in this were 
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moved, by means of a right-handed and left-handed screw, 
a pair of clips which gripped the opposite and extreme 
corners of the slip, as shown in Fig. 230. 

It will thus be seen that so long as the edges of the slip 
are at right angles to each other the centering must be 
absolutely accurate, but not otherwise. 



On the introduction of this machine several operators 
objected to the method of holding the slip, and Kinne soon 
afterwards introduced his modification (Fig. 231), in which 
the two corner clips were drawn together and made to griji 
llu' glass slip b)’ iiK'ans (d* an indianibbcr band or si)iral 
s[n ing. 

In 1876 a notice ai)peared that Mr. Charles Hiittei worth, 
of Shaw, near Oldham, exhibited at the annual soiree of 
the Oldham IMicroscopical Society a turntable capable of 
making cells of either circular or elliptical form ; and also 
by its aid a thin cover-glass could be held in position on a 
cell, whilst the various rings of cement or varnish could be 
put on. It is constructed upon the principle of the “ oval 
chuck,” and so enables either circles or ovals to be traced 
with case — moreover, it may also be used for cutting thin 
glass covers, eithev oval or circular, as well as for general 
mounting purposes. 
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A turntable of exactly similar make is now sold by 
Messrs. Armstrong, of Manchester ; it is shown in Fig. 233. 



Fic.. 231. 

Mr. Sidle exhibited, in 1878, ;it tlie Microscojjical Con- 
gress at Indianapolis, a turntable, which has since gone by 



the name of the “ Congress-” turntable. ^ It may he seen in 

233- 

Into the upper surface of the rotating plate, dianictrically 
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opi^ositc and equidistant from the centre, two circular 
plates or discs, one inch in diameter, arc set, their surfaces 
flusli with that of the larc^c plate. Pivots from the two 
discs i)rojcct through the plate, and each carries upon the 



lowe'r side of the plate a toothed wheel. A liollow sleeve, 
rotatin<4 free upon the stem of the table, carries a third 
and lan_;er wheel, which ^cars into the two others, and 
thereby Lfives r(^tati<')n to the discs in the top of the plate. 

Near the opposite edges of the two discs, the angular 
jaws which h(dd (q)posite corners of tlie slide are pivoteil 
(as in Cox’s and other forms of tables), and it will be seen 
that by giving rotation to the central wheel, under the 
plate, the jaws ma}' be made to approach or recede at 
pleasure. 

A coiled steel spring, concealed within the hollow 
sleeve, serves to close the jaws, while the single motion 
of a milled head upon the sleeve opens them to their full 
extent. 

It may be also seen that although the jaws do not 
approach in a straight line, yet, when properly adjusted, a 
line joining the p,lvots of the jaws will cut the centre of 
the ])late, whatever the position of the jaws ; and they 
being always eciuidistant from the centre, it follows that 
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the slide, when clasped between them, must be perfectly 
centered. 

In 1879, Mr. Rolfe re-invented Kinne’s turntable, and 
described the same before the members of the (bucket t 
Club, addiiifT at the same time an idea of his own, which 
was (piite novel, and is illustrated in 234. 



Jmc. 234. 


The year 1880 saw the introduction of two turntables, 
the first by Mr. Dunnini^ - 35 ), which has since 

been made \)y Mr. Swift, and the second introduced by 
Dr. Matthews. Mr. Dunniiy^’s turntable will take any 
slides up to two inches in width, and also serves for 
retouchin^^ slides, the circles upon which are not truly 
central. Dr. Matthews’ last production is to be found 
fully described in the ‘Journal of the Ri^yal Micnjscopical 
Society,’ and as it only consists of a method of drivini^ 
the table, it will be of but little use mentioninc^ it here in 
detail. 

Another ^ood form of self-ccnterintf turntable has lately 
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been introduced by Mr. II. P. Aylward, of Manchester, 
and may be said the simplest, least expensive, and best 
self-centering turntable extant. 



Vie.. 235. 


The author, from actual experience, can recommend it 
as being the turntable for all the wants of the microscopist. 
Mr. Aylward calls it the “ Concentric.” It essentially 
consists of two plates, the inner revolving on a pivot, 
whilst the outer revolves concentrically on the inner, a few 
small pins being so arranged that by a single turn of the 
outer ring they firmly grasp the glass slide, and cause its 
centre to exactly coincide with the centre of the turntable, 
whilst a simj)lc reverse movement instantly liberates it. 
This turntable answers for slides of various widths, from 
I inch to 2 .\ inches, it is .strongly made, and well finished, 
besides which loose springs arc supplied, fitting into corre- 
sponding holes in the turntable, convenient for making 
rings in any other position than that of the true* centre of 
the slide. 

This instrument is shown in Fig. 236, the letters being 
explained as follows : — 

i\^ ordinary wood block with steel pivot, on which the 
brass table revolves. B, two brass springs which fit into 
holes in the table, and may be used when the sliile is 
recpiired to be out* of centre ; when not in use they fit 
into holes in the wood, as shown above. D, revolving 
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tabic, with milled wheel below for rotation. II, brass 
annulus or ring revolving concentrically on the table D ; 
on the ring II are screwed two conically headed pins, J J, 
33-^^ of an inch apart exact, to allow the 3 x 1 slij) to be 
placed diagonally between them. F F, two similar pins in 
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plate D, so placed, that upon revolving the ring II they, in 
conjunction with the pins J J, firmly grasp the opposite 
corners of the glass slip, and cause the centre to coincide 
with the centre of the table D. T, l)rass pin for more 
easily revolving the ring II, for securing and liberating the 
glass slip, which is done by moving the ring 1 1 in the 
opposite direction. 

Let us now turn our attention to the practical operation 
of cell-making. To commence with varnish cells -- place 
the slide upon which the cell is to be made between the 
pins upon A}d ward’s turntable, and make tliree rings 
thereon (of the diameter the cell is to be when finished) 
with a wptihg diamond ; this operation is to roughen the 
slip, and cause more perfect adhesion of tlie varnish. Nenv 
take up a good brushful of varnish, and spinning the table 
round, deliver it where the rings have been cut, in such a 
manner that it stands up like a wall, and does not spread 
itself more than is necessary over the slide. So soon as 
this layer is dry and perfectly hard, another layer may be 
put on, and the process repeated until tlie cell has acquired 
sufficient depth. The cell now requires drying or baking 
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at a gentle heat over a long period, and this can be 
easily accomplished in the hot-air chamber shown in 
Fifr. 237. 

This piece of apparatus is not absolutely necessary, 
though it is of much assistance. By means of a spirit- 

lamp or gas-burner almost any 
temperature can be maintained 
for lengthened periods, a thermo- 
meter inserted into the air space 
serving to measure the degree 
of heat ; it serves many useful 
purposes, and is certainly better 
and more uniform than the “ cool 
oven ” so often recommended. 
The varnish of which a cell is 
constructed must vary according to the nature of the 
medium it is to hold ; for objects mounted dry and not 
very thick, a brown varnish cell is all that is required (sec 
receipt, Chapter XIV.), or it may be made of asphaltum, 
marine glue, or gold-size, at the fancy of the operator. 

The gold-size cell retiuires no baking, the hardening is 
due to an oxidation process, and wherever used it forms a 
most reliable cell. Varnish cells should be made some 
time before they arc required, in order that no change 
takes place after the cover-glass has been put on. 

Deeper cells arc constructed of glass, ebonite, tin, 
ivory, brass, and several other substances ; the glass slip 
hn-ming the base of the cell should be roughened as 
before mentioned, the cell-ring roughened on each side, 
and then cemented to a gkiss slip with gold-size or brown 
varnish. 

The student is advised to eschew all paper, cardboard, 
and wax-cells : varnish is the safest to use for thin cells, 
and glass, pure tin, or ebonite for the deeper ones, and if 
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care be taken to roughen tfie surfaces of contact, the 
tendency to leak when filled with fluid will be much 
reduced. A considerable number of cells of various 
diameters and depths should be made at one sitting, and a 
stock of old cells always kept on hand. If new ones are 
used they often turn out unsatisfactorily. 

Large cells may be made of four separate walls of glass 
all ground together to one level, cemented by their corners 
to the glass slide with marine glue. In using marine glue 
the surfaces to be united should be heated, very hot, the 
marine glue applied to the edges, and kept firmly pressed 
together until set. They may then be further heated in 
the bath, Fig. 237, for twelve hours. 

In passing now to the mounting of objects, the reader 
will sec the impossibility of describing how any particular 
object or class of objects may be successfully mounted ; 
which is the best of the several methods can only be 
discovered in actual practice, and if the salient i)oints in 
each method of mounting be described, the student will 
no doubt learn much that will help him with other 
subjects. 

For this reason the mounting of objects has been divided 
into three sections — 

1. Mounting dry. 

2. Mounting in gum resins. 

' 3. Mounting in aqueous media. 

Dry Mounting. — In treating of dry mounting we may 
so subdivide the work as to show the isolated operations 
upon which success depends, and in doing so, the student 
will sec the importance of thoroughly understanding the 
why and the wherefore of each operation. These may be 
described as follows : — ^ 

Cleaning the Specimens . — This is a section upon which a 
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nioclcratc-sizcd volume may be written, as it applies to all 
objects whether mounted dry, in gum resins, or in aqueous 
media, and may be simply described as an operation for 
eliminating matter in the wrong place — dirt. Foreign 
matters should be eliminated as much as possible, and 
really when set about in the right way it is not very difficult. 
When we come to compare the slides of diatoms put up by 
Cole, Redfern, or Redmayne with many home-mounted 
slides it may be readily seen what is the effect of a little 
care on the p.vt of the preparer. Cole’s exceedingly clean 
gatherings, his hand-picked slides, Redfern’s single diatom, 
mounted on a J-inch cover in the centre of a red circle iV> of 
an inch in diameter, and Redmayne’s diiitom slides all 
deserve imitation. 

Let us turn again to the mounting of mosses : how many 
of the o\ itoXKoL are content with placing the specimen in 
glycerine jelly, dirty as when collected, making no effort 
at all to divest it of its useless and degrading accompani- 
ment ! 

It is to be hoped that these few words will act as an 
incentive to cleanly working; all the requisites are several 
eamel’s-hair or sable pencils, one of which should be cut 
.short SC) that the hair prc:)jects but a quarter of an inch 
beyond the quill-holder. The knives, scissors, forceps, 
needles and other articles have been already described in 
the chapter on dissections ; it may, however, be necessary to 
state that each article .slu)uld be kept for its specific uses, as 
if knives, scissors, and needles be used for mounting pur- 
poses they will soon be out of order for dissections. 

Most objects can be cleansed under water with the 
brushes and needles in the small dissecting troughs shown 
in Fig. 152; these can be used under a watchmaker’s eye- 
glass or on the stage of the microscope under a half-inch, 
with erector such as has been already described. 
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Before bcbig finally finishetl, every slide should be examined 
under that poiocr most suited to slunv its eharacteristiesy and 
if it is defective in any ivay it should be discarded and ‘leashed 
off the slip. 

The finn,l washing of an object treated with water or 
any aqueous fluid should be made with distilled water — 
ordinary water leaves more or less residue, which interferes 
with the brilliancy of the preparation. 

Drying the Speeimens. — The moisture can be abstracted 
from many substances by contact with a fluid such as 
alcohol in a small corked tube, but in many instances this 
is not admissible, so that a desiccator becomes necessary. 
The form used by the author is showai at Fig. 238. It 
consists of a mahogany base- 
board, in which a circular groove 
is turned to admit the bcll-jar 
standing over it. This groove 
is filled with mercury, which 
acts as a lute and cuts off all 
connection with the outer air. 

Under the bell-jar, and standing 
upon the base-board, is a vessel 
containing concentrated sulphuric acid, one of the most 
powerful absorbers of water w'c liavc. A shelf is fixed 
over the acid, upon which are laid the slides retiuiring 
desiccation. ^ 

Unless the operator is careful and has a safe place to 
keep the desiccator, he had better choose another pattern, 
as concentrated sulphuric acid is a fluid not to be 
spilled with impunity, and quicksilver is an extremely 
awkward metal to pick up from the floor upon which it may 
have been dropped accidentally. The sulphuric acid may 
be replaced by fused chloride of calcium, carlxinate of 
potash, or even by (juicklime broken in pieces tlie size of 




288 


/ Vv^ l C TIC A L MICRi \SCOP V. 


h«'izcl nuts ; but tlic apparatus is not then quite so effective 
or rapid. 

The mercury may indeed be dispensed with altogether 
by the use of a jjlate of j^^round-qlass in lieu of the grooved 
base-board, but in this ease the bell-jar must have a stronj;^ 
and well-qnmnd welt round its open mouth, perfect adhesion 
between the two bein^ secured by means of a coating of 
grease. 

There is a very good form of desiccator which may be 
obtained from^ almost every dealer in chemical apparatus. 
The lower portion contains the desiccating material, over 
which is placed a sheet of perforated zinc, while the cover 
is ground truly, and fits as a cap or lid upon the lower half. 
Perhaps this form would suit the majority of our readers, 
more cs])ecially if combined with the use of chloride of 
calcium as the desiccating agent. 

The preparation to be dried is placed upon the shelf 
(I"ig. 238) above the desiccating material, covered with the 
bell -jar, and left to itself for twelve or twenty-four hours. 

In dry-mounting it is absolutely necessary to eliminate 
all the moisture, for many objects mounted in a damp state 
often become covered in a few months with a dense growth 
of fungi, or the cover-glass becomes obscured to such an 
extent that the object is seen as through a fog. This often 
happens also when a cardboard cell or wooden slide is 
used. 

Let us lunv i)roceed to illustrate the foregoing by the 
process for mounting diatoms given in the L\merican 
Journal of Microscopy,’ April 1880. 

The process of cleaning diatoms recpiires time, skill, 
patience, and [)ersonal experience, in addition to what may 
be learned from others. After trying for a long time to 
dispose of sand and mud the novice will be more careful in 
collecting. After an explosion or two, involving the loss of 
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valuable material, and possibly "the destruction of clothing, 
he will learn that strong acids and other chemicals arc not 
to be handled like water. Experience makes the process 
safe and comparatively easy, requiring but a few minutes’ 
attention at a time. No one method will apply in all cases, 
for some gatherings arc imbedded in stone, some cemented 
with lime, which require special attention, while many 
gatherings require nothing more than a strong heat to 
destroy the organic matter and leave them ready for 
mounting. 

In recent gatherings, when the diatoms are clean, pul 
them into a bottle containing equal parts of alcohol and 
water, where they may be kept as long as desired. When 
ready to transfer them to slides, all that is rc()iiircd with 
most varieties is to dip a few from the bottle with a jiipctto, 
to put them on the thin cover-glass, and after placing the 
glass on a strip of mica or of tintype, keep the whole at a 
red heat until the organic matter is destroyed and only the 
shells remain in white powder. 

Another method is to boil for thirty to sixty minutes in 
strong soapsuds, afterwards washing thoroughly in soft 
water to get rid of foreign material, such as sand, nocculcnt 
matter, &c. On examination of the material, if organic 
matter be still i)rescnt, put the mass into a test-tube or 
other suitable vessel, and, after settling, completely turn 
off all supernatant water, adding four or five times its bulk 
of nitric acid, and while boiling throw in small fragments 
of bichromate of potash to bleach. Some prefer chlorate, 
but the bichromate is sufficient, and danger of explosion is 
avoided. When the organic matter has been destroyed, a 
higher temperature will be required to boil the acid, indi- 
cating that no more is needed. Probably five or ten 
minures will be sufficient. Wash in rain-water or that from 
melted ice, until a drop cv%aporated on a slide shows no 

U 
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residue around the cd^c^e, leaving a clean slide of diatoms. 
Never use hard water, for the lime in it will cause all 
flocculcnt matter to cohere in masses. 

The methods given are all that is required for a large 
proportion of diatoniaceoiis material so far as disposing of 
organic matter is concerned. The sand and other inde- 
structible matter must be eliminated by gravity. 

Guano, Monterey stone, material containing lime, &c., 
recpiire harsher treatment and much more time. 

Guano should be boiled at least two hours in soft water, 
or as long as any colouring matter can be turned off; then 
[jrogeed as in fossil caiths. 

Stonelike masses must be broken down by boiling in a 
strong solution of soda crystals. After tlisintegration wash 
and boil for twenty to thirty iiiiniites in strong nitric acid, 
and while yet boiling add about an equal ([uantity of 
muriatic acid, continuing the boiling for from twenty to 
thirty minutes longer. After washing out the acids boil in 
pure sul[)huric acid until the mass becomes inky black, then 
throw in fragments of bichromate of potash, and continue 
the boiling until it becomes clean. If, on examination with 
the micrt)scope, it is found there is much nocculeiit matter 
besides the diatoms and sand, it can be removed by boiling 
for a few secoiuls in caustic potash, and then turning almost 
iastaatly into plent)' of soft water to destroy the action of the 
potash. 'Idle diatoms are now chemically free from all organic 
m.'itter, and they may be dried and kept in small phials in 
powder, or be put into etpial parts of alcohol and water, 
and kept for future separa l ion from sand and other inorganic 
matter, or we can proceed at once to isolate the diatoms, 
also to separate into sizes. To do this, put the cleaned 
diatoms into a small bottle, fill with soft water, filtered, and 
after shaking thoixraghly turn off all that floats after five 
seconds int(^ a larger bottle. Repeat the process, and after 
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some five or six repetitions we shall find v^ciy little but 
sand in the first bottle ; this we will throw awa)^ unless 
some very large diatoms remain, which can be removed by 
drying on a slide and picking with a mechanical finger. As 
soon as the material in the large bottle has settled, turn off 
the water and return the material to the small bottle and 
repeat the process, allowing longer time to settle. This 
process may be repeated five or six times, ('>r as many limes 
as necessary to make the separation satisfactory, allowing 
more time on each repetition to settle. -Another excellent 
method is used by Christian Febiger, of Wilmingtim, Del., 
whose arranged slides hav'e attracted niiicli attention. 
Strain through No. 18 bolting cloth to obtain hirge diatoms. 
The remaining small diatoms and sand must be placed with 
water in a clock crystal and rotated. The sand will go to 
the bottom, and the diatoms can be poured off rej)eatedly 
until as clean as desired. 

It will be impossible to save all the diatoms in the 
repeated washings. So long as 100 slides can be mounteil 
from a mass not so large as a small pea, bt: content to savar 
time and })atience by losing a tithe of the iiarvest. Do not 
be disapi)ointed when you find hardly eiiougli diatoms 
remaining to make a fair thickness of carpet in your phial, 
for if clean you will have sufficient for yourself and for 
several of your friend.s, even then. 

For nwuhting, always place with a i)ipette a drop (T 
the fluid containing them upon the cover-glass, and never 
on the slide. Professor Hamilton L. Smith is the autlna- 
of the following excellent method. Cut a [>iece of 
photographer’s tintype into strips about i inch wide 
and 3 inches long, then cut away all cxcei)t enough for a 
handle, leaving i inch square on one end ; bend the end of 
this handle, and fa.stcn into a cork in a bottle, which wall 
serve for a holder. Upon this [)late {alace the clean cover, 
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and by means of a pipette drop a little of the dilute alcohol 
and diatoms upon it, applying a gentle heat with a spirit- 
lamp. The alcohol takes fire and burns off. The remaining 
alcohol causes the diatoms to become evenly distributed. 
If inclined to mat, touch with a hot pin or needle. Now 
bring the whole to a red heat for plenty of time to make 
the diatoms appear white and perfectly clean. ' 

Now take a thin glass slij) upon which a very thin cell of 
brown varnish has been made and well aged as previously 
described, take up the thin cover with diatoms attached and 
place it upon the slightly gummed end of a cedar-wood 
pencil, the diatomed side being uppermost. Now with a 
fine sable pencil coat the edge of the thin cover with a 
layer of thick brown varnish, wait until it has nearly set, and 
invert it carefully and firmly upon the cell-walls of the slip. 
A slight pressure with the pencil will cause the cover to 
adhere all round, when the slide may be set aside for about 
half an hour ; it must then be placed on the turntable and a 
slight coat of brown varnish applied to the edge of the circle. 

The slide should now be put away for a week or more, 
after which time it should be examined with the power 
suitable to it and if not satisfactory, discarded.- If, on the 
other hand, it is a good preparation, the student may pro- 
ceed to finish it by placing it on the turntable and describing 
a ring of white zinc varnish so as to cover the edges of the 
circle, making it completely air-tight. Wheii this is dry, 
various coloured rings may be turned upon the white sub- 
stratum, giving the whole a very pleasing appearance. 

Some writers have deprecated this ornamentation of 
slides, but the author’s opinion is that the time is well spent 
over a good slide, while a bad one, or even one of medium 
quality, should be washed off as soon as examined for the 
first time. The competsition of the coloured varnishes may 
be found in the list of recipes at the end of this chapter. 
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The process of arranging diatoms is a sim[)le one, easily 
done by means of a small camers-hair pencil, with the aid 
of the erector and a half-inch objective. The brush should 
be drawn through the lips, and when using the microscope- 
stand shown in Fig. 24, sitting well over it, the siile of the 
hand only resting on a support, it is quite easy after a little 
practice to remove any diatom from the field of view. 
For this purpose many workers use what is called a 
mechanical finger as a substitute for the fingers of the 
human hand. Zentmayer’s form has bclen described in the 
‘ Monthly Microscopical Journal,’ and is here reproduced as 
Fig. 239. 



Ki<;. 239. 


Rezner’s form of this instrument (i^'ig. 240) is much more 
simple than the above, and may be adapted to any micro- 
scope. It consists, as may be seen in the engraving, of a 
sleeve, which is passed up over the objective just far enough 
to possess a firm bearing, and so that the point of the 
bristle is in focus when depressed to nearly its full extent. 
In order to use this finger, the point of the bristle should 
be brought into the centre of the field, touching the object 
slide, and then withdrawn, still in “"the axis of the micro- 
scope, until it has become invisible. The desired object is 
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then sought for, such as diatoms, foraminifcra, or other 
minute specimens, and brought into the centre of the field; 
the point of the bristle is then lowered by the screw until 
it touches the desired object, which usually adheres to it at 
once. 
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Some operators recommend a cat’s whisker for the pur- 
pose of using with the mechanical finger, and no doubt it is 
as good as anything. Still the worker with this piece of 
apparatus will find that often, especially when working 
with <')rdinary bristles, it is almost impossible to deposit the 
object exactly where it is required, so pertinaciously does it 
adhere to the bristle. Prof. H, L. Smith has advised the 
use of a slender thread of glass for this purpose, but taking 
all things into consideration the cat’s whisker seems to be 
the best. 

The diatoms are picked one by one and placed where 
desired. To prepare the slide, put it on a turntable, and 
with a pen make a small circle in the centre to guide in 
placing. On the reverse of the slide put a tiny drop of 
pure distilled water, with a small fragment of gelatine in 
it ; so that when the diatoms are arranged, breathing on 
them will bind them into the size. Foraminifcra, Poly- 
cistina, and other similar objects may be arranged in the 
same manner. 

As another instance bf dry preparation may be given a 
method for mounting starch granules. The starch, say 
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from the potato, should be well washed from all foreiy;ii 
substances, and mixed with cold distilled water, so as to 
form a slightly opalescent liquid. A thin glass cover 
having been cleaned is breathed upon, laid level upon the 
table of the desiccator (Fig. 238), and a dro[) of the 
starch solution deposited upon it. When perfectly dry 
it may be coated at the edges with brown varnish, and 
inverted upon a shallow varnish cell, as has already been 
described for diatoms, and finished in the same manner. 

Such specimens as micro-fungi, PcniciUinvi glauciini (/), 
P, roscuni (;/), AscopJiora vuiccdo (y), P. cJiartariDii (/’), 
Aspergillus glaucus Fig. 241, can only be successfully 
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mounted by the dry method, as when mounted in fluid the 
spores become detached, and the chief characteristics are 
lost. 

The best way to mount such specimens would be to 
choose a cell deep enough to hold them comfortably, and 
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place a small drop of Farrant*s medium in the centre, to 
which is attached a portion of the substratum bearing the 
fungus ujoon it. The slide must now be placed under the 
desiccator until perfcctly'diy, when the thin covering glass 
should be placed on in the manner already described, and 
finished in the usual way. 

There is another style of mounting it may be useful to 
describe, i. c. in such a manner that the Lieberkuhn may be 
used with the slide, to produce illumination on a dark 
ground, so that s^lch objects as Foraminifera or the pollen 
of the mallow may be viewed with this appliance, as an 
opaque object. 

'fake a very shallow varnish cell slip, but deep enough 
of course: to contain the object, and turn ui)on the centre of 
it a disc of Hate’s dead*black varnish, allow this to dry and 
become well aged. When proceeding to mount, say the 
pollen of Althea rosic (Fig. 97), dust it over this blackened 
disc, place: in the desiccator until dr}', and then put on the 
cover in the usual manner. If the pollen be dusted over 
the whole of the circle, the observer will be able to use 
the slide both as a transparent and opa([ue object. Many 
prej^arations, such as the disc e')f deal, do not require fixing 
cither to the cell or its cover, and this class of objects 
rec[uires no sjiecial directions for successful mounting. 

Mt)i;NTr\(i IN (lUM Rksins. — Objects required for 
mounting in gum resins need of course quite " as much 
preparation as when put up by the diy method ; but that 
we are about to describe is perhaps the best suited for 
beginners, as the gum resins arc good preservatives, and 
the preparations arc likely to be permanent with the 
minimum amount of care. 

Canada-balsam has been used for a long period for this 
stN’le of mounting, either by itself or when diluted with 
chloroform or benzol. 
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We will here go through the operation of mounting a 
rock section in undiluted balsam, just to illustrate the only 
case in which the author advises the use of papers to cover 
up the whole of the slide. 

A hot-water plate is used by a great many mounters. 
Tt may be a tin box 9 inches square by 2 inches in depth, 
supported on a stand or upon four legs. In one corner is a 
funnel-shaped neck for the introduction of water and the 
escape of steam when in use, the chest being heedetl by 
means of a gas-burner or spirit-lamp. % 

Bell-jars are sure to be required for many purposes, but 
princii:)ally for keeping the dust from objects which are 
undergoing pre[)a ration. They need not be large, and 
broken wine glasses may be well utilised for this purpose 
if the stem only is broken. 

When sj)eaking of the hot-water box, pcrha])s we should 
have mentioned the hot plate, which is still a favoui'ite 
with many mounters, who still cling to undiluted balsam. 
This is a brass ])late, standing upon four legs, and is 
usually heated by means of a spirit-lamp, though tliere is 
no reason why it should not be heated by gas. 

The reader will remember that when treating of section- 
cutting, the surface of the slice first polished was to be 
cemented firmly to a glass slip, the final grinding being 
performed upon it. When grinding a section to extreme 
thinness, •the slip is often badly scratched, and thus dis- 
figured ; some operators advise the section to be taken off 
this slip, and put upon another for permanent mounting, 
but in many cases this is not admissible, and the following 
method should be adopted. Take the glass slip with the 
section upon it and clean the surface with water, and 
after with methylated spirit ; place a tiny drop of balsam 
(rendered fluid by heat) upon the'* centre of the section, 
carefully put on the cover and filace the whole on the 
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hot plate, gently press down the cover, keep on the 
hot plate fur a short time and take away to a cool 
place to set. 

No more balsam should be used than sufficient to reach 
to the edges of the glass cover, and if this 
point be carefully attended to, the slip will 
require no cleaning preparatory to covering 
with paper. 

The covers used and recommended by 
tte author may be seen as annexed. 

These covers should be cut about of 
an inch less than the slide they are intended 
to cover, leaving the edges of the glass ex- 
posed ; there is no use in binding up the 
glass in paper, it only helps to absofb 
moisture, and in the case of many objects 
mounted dry, serves to encourage the 
growth of mildew. 

When mounting in pure balsam, espe- 
cially if old, the slide gets very hot, so 
that, the y\merican clip shown in h"ig. 242 is a convenient 
ar 
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It has already been shown under the head of dry 
mounting how diatoms are distributed over the surface 
(T a thin cover. They may also be mounted in balsam. 

On the centre of the* glass slip place a tiny drop of old 
balsam, and with a pair of tweezers place the cover-glass 
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over it and hold the whole over the spirit-lamp until a sea 
of the bubbles is seen underneath. Remove, and with a 
gentle pressure press down the cover. The bubbles will 
all disappear and the balsam become hard. To secure the 
diatoms all in the same plane, turn the cover-side down- 
wards, and leave in a warm place. This is best effected 
in the whalebone clip shown by Fig. 243, but care should 
be taken that the balsam does not project beyond the 
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cover, or it will stick to the whalebone, and cause cionsi- 
derablc annoyance. 

The old plan of mounting objects in pure Canada 
l.)alsam has been almost abandoned ; it is now usual to 
put up objects in balsam and benzol whenever balsam- 
mounted objects arc required. 

To illustrate how this should be done, let us proceed to 
mount one of the forelegs of the great water-beetle {DfiiscNs 
tnarginalis) shown in Fig. 244. 

After de4a(!hing the leg of the insect, the first operation 
is to soak it in potash solution for a day or two, then take 
it out and wash it in water, allow it to soak in dilute spirit 
(l of spirit to 3 of water) for 24 hours, and then transfer 
it to methylated spirit. After remaining here until all the 
moisture has been extracted by the spirit it must be taken 
out, drained on blotting paper, and placed in oil of tur- 
pentine. Here it must remain uniil the colour of the 
chitinous skeleton has become sufficiently reduced, when it 
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may be soaked for a few hours in benzol to remove the 
excess of turpentine. It is now ready for mounting. 
Place a very small drop of balsam and benzol upon the 



centre of a glass slip, take 
up the leg by means of a 
pair of forceps, and place 
it upon tlie drop of balsam ; 
now put another small 
drop of the medium upon 
the object, and taking up 
tile well-cleaned covering 
glass with the forceps drop 
it carefully upon the object 
in a perfectly horizontal 
manner, '^ow gait ly press 
down the cover with a 
camel’s-hair pencil in such 
a manner that the object 
is not disturbed, and put 
on the spring mounting 
clip, as shown in h"ig. 245. 


'riie slide should now be heated over a spirit-lamp until 


the benzol just comuicnccs to boil, when it must be re- 


moved to a cool spot to 
thoroughly set. 

The author’s practice is, 
now, to set the slide on one 
side for a few weeks, then to 
clean olf the excess of balsam with a scalpel, finally 
cleansing by slight friction with a piece of cotton wool 
or sponge moistened with methylated spirit. After another 
repose for a few days, the slide is placed on the turn- 
table, and a coating •of brown varnish applied, so that the 
circle embraces the edge of the cover and the slide also, 
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wlicii it may be finished with t)\c white zinc varnisli and 
coloured rings as already described. 

Balsam and benzol may be used cold, but as tlic (Operation 
is exactly similar to that of mounting in dammar and 
benzol it will not be further described. 

The operation of mounting wheat-starch in dammar and 
benzol will sufficiently explain the cold process of mounting 
objects in gum resins. Make a mixture of wheat-starch and 
distilled water, as before advised for potato-starch ; ])lace a 
drop of this upon the centre of a glass slij), and j)ut in the 
desiccator ( 1 ^'ig. 238) to thoroughly dry. Now take a dr(’)p 
of benzol and place upon the starch, and before it has time 
to thoroughly evaporate drop on a little dammar and 
benzol, put on the glass cover, place the spring clip u[)on it 
and set aside for several weeks, when the excess of dammar 
may be removed and the slide finished as already described. 
Where many objects are required to be mounted at o'nce, 
spring clip boards may be used. Many f^rms Iiave been 
devised, but that figured in ‘ Science-G()ssi[) ’ for October 



1 88 1 is one to be preferred. It is shown in h ie;. 246 : A 
being a base-board of mahogany, C pieces of clock-spring 
bent at each extremity and fitted int() corks at Ik y\t k 
are four screws which admit of several of these boards being 
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placed above each other without coming in contact with 
the springs. 

This board may be found of much use, but it is certainly 
better in many instances to have small independent clips 
capable of being placed in the hot chamber, air-pump, and 
similar situations with the slide itself Many objects may 
be mounted in. gum resins, and the dammar and benzol will 
perhaps be the best substance\^>r;/t’r<7//5/ for objects requiring 
to be shown with the aid of the polariscope. 

Sometimes wjth gum resins a source of annoyance is the 
appearance after a time of a white cloudiness, completely 
ruining many otherwise carefully mounted specimens. 
This is caused by dampness, or the j)resence of fatt)’ 
matters not carefully removed before a[)plying the balsam. 
If the foregoing instructions be carefully followed this 
mishap can scarcely ha])p(‘n. 




I'i.;. 2:^7. 

C'cUlon fibres and sections of the same, shown in h"igs. 247 
and 24S, make good polari.scopc objects when mounted in 
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dammar and benzol ; they slundd be soaked in s[)irit to 
remove water, transferred to benzol and mounted direct 
from that fluid. 

Dust aiul dirt art? the greatest enemies (^f the micro' 
secqust, and every operation which can be done under cover 
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should be so arranged. In these cases very small but wide- 
mouthed bottles are conveniences, watch-glasses, small 
beakers, and stcmiess or footless wine-glasses will always 
come in useful during these operations ; it should be the 
aim of the student to be cleanly in his manipikations, and 
endeavour to procure the best results with the minimum 
expenditure of material. 

Mounting insects without pressure has been much prac- 
tised of late, and the splendid preparations of Mr. 1'. knock 
cannot be passed by unnoticed. l\ method of doing this 
may be found as follows : — Let us take the head of the 
Dytiscits niar'g'uialis. Soak it for two days* in ecjual parts 
of spirits of wine and water, after which transfer it to 
absolute alcohol for two or three days longer ; now transfer 
it to turpentine and place it in the light mUil fairly bleached, 
take it out of the turj)entine and place in benzol until all 
the former has been eliminated. Now choose; a cell just 
deep enough to hold it, glass or [)ure tin preferred (by no 
means must it be of brass, this metal being acted upon 
by balsam), rinse it out quickly with benzol, insert the head 
and pour in some balsam just rendered thin enough to run, 
with benzol, until the cell is full, now put on tlu' cover, 
cleanse the edge of the cover with a brush di])j;ed in benzol 
or spirits of wine, and set aside in a warm i)lacc that the; 
benzol may escape and become hardened round the edge of 
the cover. AVhen fairly dry give a good coat of guaiacum 
varnish (see Recipes), and when this is dry rc‘i>eat the 
coating. Finally finish the slide with a ring (;f asj)halte, 
or black guaiacum varnish. 

MoUXTIN(r IN A(,)IJ]‘:oL'S MkiMA. — This St}'le of UKUint- 
ing comprises the fluids and semi-fluids or viscid media ; 
perhaps the latter are the easier done, but for sake of order 
' in illustration of how to mount starches in carbolised water 
(sec Recipes) will teach the method. 
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A suitable cell must first be selected, one of brown 
varnish in this instance, and filled with the carbolised water 
just made milky with the starch. The thin g-lass cover 
havinc^ been taken up on the end of a pencil as already 
described when mounting diatoms by the dry method, is 
edged with brown varnish, allowed a few minutes to nearly 
set, and then placed in contact with the cell but not pressed 
down in tlic centre to any extent. The superfluous fluid 
may then be absorbed with blotting pa[)cr, tlic slide placed 
on the turntable, ^and another coat of brown varnish applied 
to the edges. Put aside now for a day or more, and then 
finish with whiltc zinc varnish ov asphaltum according to the 
taste of the operator. 

If the student possesses an air-pump he will find that fluid 
mounts will be rendered more permanent by placing the 
cell filled with fluid under the receiver so as to eliminate 
the air which most liquids contain. The best form of air- 
pump has been shown at P^ig. 222, but there arc other forms 
which, though not so generally useful, ore nevertheless 
handy on account of their small size. One of these is 

shown in Fig. 249, from which it 
will be seen that it is cai)ablc of 
taking slides only. 

Many other fluids may be used 
in place of the carbolised water: 
the cuticle of esparto ^ grass is 
shown very well when mounted in dilute acetic acid, the 
fibres of jute exhibit the ladder-like markings to perfection 
when put up in dilute, spirit, while many of the desmids 
and minute algrc can only be kept in distilled water in 
\vhich a lump of camphor is kept. Some of the smaller 
organisms may be put up in a vwy dilute solution of osmic 
acid. This plan is advised by Mr. Savillc Kent for the 
preservation of the collared monads, in his ‘ Manual of the 
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Infusoria,’ such as the Monosiga Sicinii and Salpingaxacon- 
vallaria, shown in Fig. 250. He states that they may be 
sealed up after treatment with osmic acid without the addi- 



tion of any other preservative, and that it will be found the 
smaller and most delicate flagelliferous species are equally 
amenable to this treatment, preserving tlicir flagella, and 
even, in the case of the Choano-Flagcllata, their sarcode 
collars in a life-like form. Many fluids have been described 
for these purposes, some will be given in the recipes at 
the end of the book, but the beginner should remember 
never to use a fluid in a cell unless he is thoroughly 
acquainted with the action the fluid has, or has not, upon its 
walls or on the cements or varnishes used in connection 
with it. If these points were more studied, fluid mounts 
would not be dooked upon with so mucli ill-favour as they 
arc now. 

Objects mounted in glycerine should akuays be put in a 
cell, and if the cover be put on in the manner described for 
mounting in carbolised water, and diatoms, dry, the slip can 
be easily cleaned from any superfluous glycerine. After 
this, put the slide on the turntable, and describe a neat ring 
of brown varnish, finally finishing with a broad ring of 
white zinc varnish, as before described. 


X 
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Objects for mounting in glycerine, such as a portion of 
muscle with Trichiiicne m situ (Fig. 251), should be soaked 
for some time in a mixture of equal parts of water, alcohol, 
and glycerine, then exposed to the air under ii bell-jar, or 
in the desiccator ; the tissues gradu- 
ally become filled with strong glycer- 
ine, and the object is then ready for 
mounting in that medium. 

Turning now to viscid media, 
the author has made much use of 
Farrant’s medium, having mounted 
mosses and starches very successfully 
in it. It is a very convenient sub- 
stance, seeing that it is used cold, 
and the slide cleaned with water 
ami a camel’s-hair bru.sh hnviediatcly after mounting ; 
when on the following day the cover may be finished with 
white zinc varnish and the usual coloured rings. 

The next description of mounting, that in glycerine jelly, 
is one which, to a beginner, is frecpiently a stumbling-block. 
It is an exceedingly convenient method to adopt when the 
object would be rendered too transparent in balsam or 
dammar, or when it is undesirable to dry it at all. 

In the preparation of the many things from the vegetable 
kingdom, as mos.scs, algm, cuticles, and sections, and from 
the animal kingdom, as many eyes and wings of insects, 
ga.stric teeth, palates of the INIollusca, it is only necessary, 
if they are sufficiently clean and not too dark in colour, to 
put them for a few hours into a mixture of methylated 
spirit, glycerine, and water (about equal parts of each), 
although exactness is not necessary, as the mixture may 
be varied to suit circumstances. 

When they are taken from this mixture, they must be 
placed upon the centre of the slide, and the surplus fluid 
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absorbed by blotting-paper. Kithcr of the two plans may 
now be followed with regard to the jelly —it may be liquefied 
by placing the bottle in hot water, and then dropping the 
liquid jelly upon the slide, or a small piece may be cut 
from the bottle and put upon the object and the slide 
gently warmed, when the jelly will diffuse itself through 
the object, and will be found exceptionally free from air- 
bubbles ; but should there be air-bubbles or not, it is of 
great value to boil the jelly and object upon the slide, but 
care must be used or the mount may bo ruined. Should 
the boiling be decided upon, the clip should be used, and 
the slide held over the flame of a lanq) ; it will at first begin 
to bubble from the centre outwards, and if the slide be 
carefully watched, a very perceptible crack may be seen 
eind heard : at this moment, and without delay, the slide 
must be withdrawn from the heat and placed upon a cold 
surface (an iron slab for instance), when the jelly will 
rapidly set and air-bubbles be excluded. 

The mounts are easily cleaned from superiluous jelly, by 
brushing with a soft tooth-brush under a running water tap, 
the surface of the slide being allowed to dry s[)ontaneously. 
It will be found that the slide is free from glycerine smears, 
which interfere much with the after-process of finishing. 



The slides may then be finished by ringing with white 
zinc varnish and the various coloured' circles. 

Such is the method employed for mounting in glycerine 
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jelly, and very satisfactorily illustrates the general prac- 
tice, though of course it is not all objects which will bear 
boiling. 

An instrument called Smithes mounting machine, and 
shown in Fig. 252, is very useful when mounting large and 
elastic substances in glycerine jelly, as by it any degree of 
pressure may be exerted upon the covering glass. 

The method of using this instrument may be explained by 
mounting a lichen section (Figs. 253 or 254) in Deane’s 

medium. The section having 
been cut as thinly as possible, 
it is to be soaked for a day 
or more in some of the me- 
dium diluted with just enough 
water to render it fluid ; it is 
then to be placed upon a 
slip, the cover superposed and 


Fte. 253. Fig. 254. 

placed in the mounting instrument, a gentle pressure 
being exerted by means of the screw ; the slide must 
now be warmed over the lamp, and a drop of the medium 
placed at the edge of the cover, when it will be drawn 
under by capillary vittraction. This is a very clean 
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way of mounting specimens, and one often used by the 
author. 

The foregoing instructions have been given more as an 
aid to the student than to the expert mounter. It would 
be impossible to give processes for mounting everything, as 
even the preparation varies in nearly every specimen. All 
that has been said to enable the beginner to practise the 
art of mounting has been written in a general sense, and 
each process must be carried out The 

student should endeavour to make his prvjparations look as 
natural as possible, and no pains should be sjiared in this 
respect. Again, the question of varnishes and cements is 
one which demands careful study, and the beginner is 
advised to well peruse Chapter XIV. liefore he commences 
actual work. 



When the slides are mounted, a cabinet is reejuired to 
keep them in. They are generally made to one pattern, and 
may be obtained from any dealer in microscopical ap[)aratus. 
A special and cheap form of slide box was devised some 
years ago by Mr. Stokes. It is sho(vn in Fig. 255, and it 
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may be observed that the labels upon the slides arc readily 
seen without tlie trouble of t<ikin<^ out each tray. 

In special metluxls of microscopical research there will be 
wantini^ many fine and delicate pieces of apparatus, wliicli 
ofttimes will have to be m^idc and devised by the student 
himself This is exxellent practice, and he should learn to 
exercise his inj^enuity to the utmost, and not be running to 
the optician constantly for every triflinc^ little thiiii^ he 
revpiires. An instance of how apparatus may be improvised 
is shown by 256, which is a breediin^ cage for Podura 



I hi. /50. 


devised and illustrated in the * Monthl)’’ Microscopical 
Journal ' by Mr. McTntire. The glass plate, perforateel with 
a hole, is covered on each side with a thinner glass, and 
held in position by two indiarubber bands. This is very 
usetul when the scales of these insects are recjiiired, and it 
ma}' also be i)rought into use as a flea cage, and for many 
other purposes. r 



Fn concluding this chapter a few words may be said upt)n 
sending slides by post.* Pack them in a small wooden box 
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to be obtained of any optician, tie it securely with fine 
string and pack in a black paper wrapper. Attacli a 
luggage label to one end, upon which is to be written the 
full address, and upon it place the postage stamps. No 
writing of any kind should be put upon the box itself in 
order that it may reach its destination in safety. The whole 
when ready for the post should appear as in l"ig. 257. 
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kka(;ents — KKC irEs. 

Littlic now remains but to notice the action and pro- 
])erties of some of the various reagents used for micro- 
scoi)ical [)urposes, and in order to put tliem in something 
like order, they are divided into four classes — softening 
agents, dehydrating and hardening agents, bleaching and 
oxidising agents, and solvents. 

So/fcuiiii^ Agents , — One of the mildest softening agents 
with which the microscopist has to deal is acetic acid 
diluted with four times its weight of water ; it renders some 
tissues cpiite transparent, and used in conjunction with 
glycerine serves for sending insects for dissection to long 
tlistances. Acetic acid dissolves phosphate and carbonate 
of lime, but does not dissolve oxalate of lime, and neither 
has it any action in the diluted state upon any of the 
varnishes or cements in the general use of the microscopist. 

Glycerine is a fluid of the greatest use in microscopical 
research, particularly as an agent for preventing the drying 
up of tissues. One part of pure glycerine diluted with 
nine parts of water produces a fluid of the same density as 
sea-water, and this strength is a very handy one to use. 
Contrary to the general opinion, cells filled witli glycerine 
do not necessarily leak, it is only when objects have been 
slovenly mounted in this medium that such a mishap 
occurs. 

The alkalie.s, potash^ scxla, and ammonia, are somewhat 
alike in their action upon many substances, ammonia being 
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the weakest reagent. When used in concentrated solu- 
tion, animal substances, especially of an albuminoid nature, 
arc entirely dissolved, while when used in a weaker form 
many organs are separated in such a way as to be readily 
obtained. Upon vegetable substances the alkalies act 
somewhat similarly, the leaf the esparto grass {MaouK'/AiUi 
tcnacissima) and the straw of cereals, and even blocks of 
pine wood, are all softened and disintegrated by boiling in 
a solution of caustic soda containing 50 grains to the 
ounce of water. Dilute nitric acid (one jpart of acid to ten 
of water) may also be u.sed as a softening agent in certain 
cases, and, it may be added, should be used in glass or 
porcelain vessels, as metals are rapidly dissolved by this 
acid. This remark applies also, though in a lesser degree, 
to acetic acid. 

Dehydrating and I lardcning Agents . — Dehydrating ag;ents 
for use with the desiccator (Fig. 23<S) are not i)ut in con- 
tact with the preparation ; but placed below in a se[)arate 
compartment underneath a bell-jar, as shown in the figuri'. 
Anhydrous phosphoric acid is perhaps the most powerful 
absorbent we have, and next to this in usefulness is con- 
centrated oil of vitriol. 

Fluids, however, are not .so handy as solids, and there- 
fore for general work fit sed chXovxCic of calcium, ([uick-lime, 
or carbonate of potash, are more generally used. 

When, liowever, a substance recpu’res to be dried or 
dehydrated without losing its fre.sh or moist ai)pearance, 
it must be brought in contact with a water-abs(ul)er, such 
as alcohol. y\bsolutc alcohol is an excellent fluid for this 
purpose, and is not equalled by any other reagent ; methy- 
lated spirit is often used in its j)lace, and for many 
purposes will suit admirably. 

It must not be forgotten that alcohol has a more or less 
solvent action upon most (T the gums used for micro- 
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scopical varnish making, and therefore strong alcohol 
cannot be used in such cells. Weak spirit has, however, 
no action upon a cell of gold size, and this is the only 
varnish the author advises to be used when an object is 
mounted in weak spirit. 

As to hardening agents, the chromates have been treated 
of in Chapter VIII. on Section-cutting, and therefore it is 
not necessary to recapitulate their uses. 

Tannin dissolved either in water or alcohol is a harden- 
ing agent espccialjy useful for gelatinous tissues ; it is used 
sometimes in injecting for hardening the walls of blood- 
vessels to prevent the passage of the coloured gelatine 
through them. Alcohol itself is a very powerful but safe 
hardening agent, and when combined with tannin may find 
many uses. 

Ihchloride of mercury solution has been recommended 
as a hardening agent, and it probably acts by forming 
insoluble compounds with the albuminoid matters. It is 
so deadly a poison that the author can scarcely advise the 
student to use it. 

Osmic acid, easily purchased in a one per cent, solution, 
is also a splendid hardening agent, and is of great use in 
studying the lower forms with naked protoplasm. It is, 
however, very poisonous. By the action of this reagent the 
currents in the protoplasm of Myxomycetes arc instantly 
suspended, and in a few moments the plasmodiuni is suffi- 
ciently hardened to make sections possible. 

Bleaching iDid Oxidising Agents . — Under this class we 
have : — 

ChUniiiAU'd soda (can I.ab.arraqiu*), 

C'hloride liino (bloacliini; ])o\vdcr), 

Chloiatc of potadi, 
liichioinate of pota->h, 

Nitric aci«1. 

Turpentine, 

all of which have their .special use.s. 
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The first two arc pnnci[)ally used for bleaching;- vegetable 
sections, and the stren<;th of the S(diition may ])e foiinfl in 
the Iveceipts at tlie end of the book. It is nu^st important, 
when usinj^ these reagents, to eliminate ev^ery trace of tliem 
after the operation is finislicd, and this may he done by 
soaking in a bath of neutral sulphite of soda, 15 grains to 
the ounce of water; a solution of one part of strong li([uid 
ammonia to twenty parts of water will als(’) I'ffcct this. 

Chlorate of potash is generally irsed for cleaning diatoms, 
in connection with some strong acid such as sulphuric, nitric, 
or hydr(')chloric. Great care should be used in making tlu‘se 
mixtures, as it is easy with them to produce explosions, 
and their use should (in connection with chlorate of potash) 
be avt)ided as much as possible. Nitric acid by itself is a 
powerful bleacher and oxidiscr, but has the disadvantage of 
emitting powerfully noxious and acid fumes; when slightly 
diluted to prevent this, its oxidising t)owers can be increased 
by the addition of chromic acid ()r ])ichromatc of potash. 
This admixture is not in the least likely to explode. 

Another extremely powerful oxidiser is a mixture of 
strong sult)huric acid and chromic acid in crystals ; it is 
especially useful in cleansing di.itoms, and must be lieated 
carefully over the spirit-lamp to obtain its maximum effect. 
Peroxide of hydrogen is an extremely valuable bleaching 
agent and oxidiser, and likely to come into general use 
when it A proi)erties are better known tf) microsco])ists ; it is 
neither acid nor alkaline, and docs not give off any objec- 
tionable odour. Another bleaching agent is turpentine, 
almost exclusively used to reduce the intensity of colour in 
the chitinous skeletons of insects. After having been treated 
with t)otash or soda solution, and the abdominal contents 
exi)ressed, the insect is washed with water, dried in alcohol, 
and allowetl to soak in turpentine huitil the colour of the 
chitin is sufficiently reduced in intensity. Turi)cntine has 
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n solvent action upon many of the varnishes used for 
microscopical purposes, and therefore great caution should 
be exercised in this respect. 

S(}/zu7As . — Under this heading come many reagents ot 
diverse character : we have alkalis, acids, and neutral com- 
pounds, all of which have their special applications. Amongst 
the first class are solutions of potash, soda, and ammonia, 
liaving a great affinity for most animal substances. Grease 
unites with any of these, ])roducing a soap which easily 
dissolves in water.* The alkalis in their solid state should 
])e handled with caution, owing to their corrosiv^e nature ; 
they arc chiefly used in solution to elissolve out the internal 
organs of insects, and to prepare the leaves of mosses for 
exhaustive scientific examination. 

The acids, sulphuric, nitric, hydrochloric, and acetic, 
have each their uses ; for dis.solving metals, oxides, car- 
]:)onates, phosphates, and other salts, they are necessary. 
'They have no action upon silica, but u])on animal and 
vei;etable fibres the action is v^ery decided. 

l^y far the most important soK^ents we have to consider 
are ether, alcolu)!, benzol, glycerine, oil of cloves, oil of caje- 
l)ut, ami last, and not least, water. Ether is not very 
soluble in water, it dissolves in about fourteen parts at the 
ordinary tem[)erature of the air ; it carries into solution 
many organic compounds, as the volatile oils, resins, fats, 
alcohols, tannic acid, which arc but sparingly 'siduble in 
alci^hol, while it is without action upon many substances 
easily dissolved by that reagent. It is miscible in all pro- 
portions with alcohol, bisulphide of carbon, and naphtha. 

Alcolu)! is probabl)’ the mo.st used fluid in microscopy ; 
it is miscible in all proportions with wood-spirit, chloro- 
form, acetic acid, and naphtha, and is a good solvent for 
most resinous substanefes. Attention should be paid to 
the strength of the alcohol ; alcohol absolute is expensive. 
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anti though a good drier, sdmctiincs fails in its action 
because it is too strong. Ordinary druggists’ alcoliol of 
85 per cent, is an excellent solvent for resins, caniplu)r, 
tannin, the balsams, iodine, acetic acid, and castor oil, but 
the ordinary “spirits of wine,” consisting- of equal volumes 
of druggists’ alcohol and water, has not the same solvent 
action for resinous matters. Methylated spirit consists of 
ordinary alcohol, mixed with 10 per cent, of wood-s[)irit, 
and is capable of being put to the use of (u-dinary alcohol 
by the microscopist. 

Benzol is a colourless, strongly refracting li(]uid, of a 
very inflammable nature. It is almost iir^oluble iji water, 
but dissolves freely in alcohol and ether. It dissolves 
iodine, sulphur, fats, gum-resins, and many other com- 
pounds, such as caoutchouc and guttapercha. 

Petroleum naphtha, called also benzoline, benzine, gaso- 
line, &c., is nearly as useful as coal-tar benzol for the 
purposes of the microscopi.st, provided it be of good cpiality 
and does not contain any quantity of heavy oils. 

Glycerine is a solvent strongly recommended for general 
use by Dr. Beale, It is soluble in all proi)ortions in water 
and alcohol, though it is but sparingly .soluble in ether. 
It dissolves nearly all organic substances soluble in water, 
and many of those .soluble in alcohol ; it dissolves small 
quantities of carbonate of lime and many oxides ; 20 t)er 
cent, of arxenious acid, and 10 per cent, of tannic acid, form- 
ing with this latter a waxy solid, melting at the temperature 
of the body, which the autlior has used sometimes for 
mounting purposes. 

Oil of cloves is often used as an intermediate bath 
between alcohol and Canada balsam ; it serves to take out 
the alcohol, with which the oil changes place. One volume 
of oil of cloves dissolves an equal volume of alcohol. 

Oil of cajeput is often recommended for use in place of 
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oil of cloves, and is in every Way cheaper, as one volume of 
it absorbs eleven volumes of alcohol, or is eleven times 
more efficient than oil of cloves. 

And now we must consider water, perhaps the most 
useful solvent we have. A great many substances arc 
soluble in this fluid, and even those generally considered 
insoluble are acted upon to such an extent as to interfere 
with it for microscopical purpbscs. Air, or rather the 
oxygen and nitrogen of the air, are soluble in water, and 
cause the microscopist no little trorrble. This has been 
dealt with on iiage 304, and it may also be stated that 
when water is •to be evaporated on a slide for future 
mounting, the water .should be distilled, so that no 
objectionable residue is left. 


R]^ciri^:s. 

Cari;()L1C Acid {Fluid). 

rrocuiv an oiiiux- l)Oltlc of C^alvcll^s i)ure crybtalliscd carbolic acid, place it 
in a jar of warm water to melt; then add two drachm.'s of niclliylatcd s[)irit, 
mix, and j)rescrvc for use. 

If .stroiii^" carbolic acid bo spilled upon the hands, it must be immediately 
^\’i|,)ed off with oil^ not water. 


CARnuLU Acid Water. 

A//'« >//«,'•. 

I' liiiil caibolic acid I drachm. 

Distilled water l6 o/. 

Weak. 

r'ailiolic acid water (strong) I o/. 

Distilled water 90/. 

Cm.oRiNATi-D Soda {solution). 

Dry chloriile of lime 2 oz. 

Soda ciystals (wai^hing soda) 3 oz. 

Water 2 pints. 

Mix the chloride of lime with half the water, and the soda in the other half, 


mix the wliole together, and allow to settle in a well-corked bottle. Tour off 
the clear liquid for use, which must be kept in a well -corked bottle. 
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C 1 1 K 1 N AT i: n K I M I-: {solution ) . 

Dry chloride of lime i ‘v. 

Water i i|uail. 

Dissolve and allow to settle. 

Liquor PorAss.r. {solufuv!). 


('austic potash (/;/ siic/:s) 2 o/. 

Water i (juail. 


Caustic soda may be^ substituted for the potasli. 
loDiNK Solution. 


Iodine 40 trains. 

Iodide of potassium *> bo j^iains. 

Water 1 lunt. 


Dissolve the two substances in four ounces of llie .v.iter, then ad<l the 
remainder. 


(lUM Wat IK. 


(lum arabic 40/, 

Glycerine j o/. 

Weak carbolic acid water 40/. 


Allow to stand in the cold until dissolved. 

This will be found an excellent medium for attaching labels to glass. 


.Si’icLR’s Fluid. 

Alcohol 3 lliiid ()/. 

Distilled water 2 Iluid o/. 

Glycerine i Iluid o/,. 

(ioADUV’-S Fl.UII), No. I. 

Hay salt 40/. 

Alum 2 o/. 

C Corrosive sul)Iimate 4 grains. 

Water 2 fjuarts. 


Dissolve an<l filter, when it will be rea«ly for ii .0. 
G(»aiii;y\ Fluid, No. 2. 


Bay salt 8 o/. 

Corrosive sublimate 2 grains. 

Water l ipiait. 

Cami’Hor Watlk. 

I )isti]le<l water i fjuart. 

'I'incture of camphor I drachm. 


Well mix, but usc only the clear fluid. 
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TiiwAiTiis’ Fluid. 


Rectified spirit l oz. 

Creosote (wood) q. s. 

Dislillcd water I pint. 

l*ieci[Jitated chalk q. s. 


Saturate tlie spirit with creosote, then add the water and a little precipitated 
clialU. I'iltcr, when tlie licjuid is ready for use. 


RalCs Lk^uid. 

Ray salt ‘ I ^r,ain. 

Alum I Lorain. 

Dislillcd water i uz. 

Clvckrink and Ackth: Acid. 

(dycerii^e 2 oz. 

(Racial acetic acid ,} o/. 


Cl.VCKRINK AND (lUM. 
( Par rant's Mdiuni,') 


(ium aiahic 4 0/. 

I listilled watei 4 «>/. 

(llyceiiiie 2 oz. 


Dissolve in the cold, 
Dkank’s Mkdium. 


Nelson’s i;elatine I oz. 

Honey 50 /. 

(Jre«)sote 6 drops. 

Alcohol A oz,. 

Water 5 oz. 


Soak the i;elaline in 4 oz. of the water for twelve hours, add the honey, j)re- 
viously heated to nearly boiling point, in a sci>arate vessel, and boil the whole 
together. When cooled somewhat, add the sj)irit ami water in which the 
creosote has been dissolved. Afterwards, filter throu^di fine Hans el. 

Ci.Yi KRINK Jklly {.La^vraucd s). 


Celatine I oz. 

Clyceiine 6 drachms. 

Camphorated spiiit of wine \ oz. 


C'over tlie gelatine >\ith cohl water, and allow it to soak until it becomes 
soft. Dissolve by placing the jar containiiii; it in a vessel of boilini; water, 
and allow it to cool, then add a small (quantity of the white of an e^o, and boil 
the mixture until the albumen 'coai^ulates, when the whole is to be filtered 
lhroui;h fine flannel, and mixed with the j^lycerine and spirit. 
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I.IQIMI) (!lim\ 

Dissolve shellac in wood-nnphtlia at a very low teinperaturo, until the 
mixture is of tlic required eonsisteney. 

It makes a very ])rittle varnish, but very e:‘>t>d cells. 


lliiowN Varnish. 


Pure indiaruhber 
Ihsulphide of carbon 
Shellac .. .. 

Methylated spirit 


20 L;raii\^. 


<1. s. 
2 o/. 
S o/. 


Jjissolve the indiarubber in the smallest pos^iljlc (piantitv of I'isulphide ol 
carbon, and add this to the alcohol in such a maniu-r that tlu* whole is mixed 
without the formation of clots. Now' add the shellac, and place tlu- jar con- 
taining the mixture in boiling w'ator, until tlie whole of the shelhu is dissolved, 
and the smell of the bisulphide has disappeared. 


(UTAIAt'tlM VaKNMSH. 


(lum guaiacum 2 o/. 

Shellac 2 o/. 

Methylated spirit 10 o/. 


I*o\vd(‘r the guaiacum and dissolve it in tin- spirit, filter, and tlum add the 
shellac. Keep the whole in a jar surrounded by warm w.iter until dissohed. 

Matt Varnish. 


(lum mastic 40 grains. 

( him saiidarac 160 grains. 

.Methylatcfl ether 40/.. 

bcn/ol i.l f»/. 


Bi.aok M \ti X'arnish. 

(lum mastic 50 grains. 

(bimsandarac 200 grains. 

Mciliylated ether 1^0/. 

Jlen/ol ^ 

Dissolve the gums in the fluids and triturate in n mortar with sufficient lamp- 
black of the finest quality. 

Mari.vk Gi.hp:. 


Indiarubber shreds 20/. 

Shellac 2 o/. 


Dissolve the in<liaru]jbcr in solvent mineral naphtha, add the shellac in 
powder, and heat until lifiucfied, well mixing tlie whole together. It jiroduccf. 
a srdid marine glue, and requires heat in its application. The author lias it on 
good authority that very little of the marine glue at jjrescnt ma<lc cfmtains a 
particle of indiarubber. 



322 


PRACTICAL MICROSCOPY. 


PiioTOGRAriiic Varnish {for iicgathes). 


Gum benzoin i oz. 

(ium sandarac i o/. 

Mctliylatcd spirit I2 oz. 

Frkncii Polish. 

Sliellac 3 oz. 

Gum sandarac ^ oz. 

MelliyJatcd s]>irit .. S I pint. 


Kiciicli i)olish is sometimes coloured witli dragon, &c. 
Brun.-iWick Black or Black Japan. 


l''.j.:yptian asplialtum 4 o/. 

1 allseed oil 4 oz. 


Boil toj^etlier for some time, an<l mix to the reipiired consistency with oil of 
tuipeiitine. 

Canada Balsam X'armsii 
{/'or ; ///;■ !^ro//fi</ j^/oss transpityoit). 

'Take 4 oz. of Canada l».d am, and bake in a cool oven till (juite brittle when 
cook'd. Dissolve this in 12 oz. of benzol, in which .} oz. of mastic has been 
previon.sly di.ssolved. 


Bl.m'k Varnish {Davies). 


I ndiarublier shreds 30 j^naiiis. 

C^yptiaii asplialtum 4 oz. 

Solvent iiaphtlia (mineral) 10 oz. 


I lissolve the indiaiubber in the naphtha, add the asplialtum, Usine heat it 
necessaiy. 


Balsam and Bkn/zjl. 

Bake the Canada balsam in a cool oven, and then dissolve to tl e ri^hl con- 
si deucy wdth ben/ol. If bakeil too loiii; the residue will be too brittle ; il too 
short, it will not dry (juiekly eiioui^Ii. 

Dammar and Benzol. 


Gum dammar I oz. 

Benzol 2 o/. 

M.astic and Benzol. 

Gum mastic 4 oz. 

Benzol 3 oz. 
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('•OLD SlZK. 

Linseed oil 

Ked-lead 

Towdered white-lead 
Yellow ochre 


25 o/,. 

I 07 ., 



lh)il the oil and red-lead together for abmit threi* Ik’hitn, laKiii^^ e.iie it dot's 
not burn or boil over; pour olb the clear iluid, and boil ai^ain with a inixlure 
of equal part.s of the white-lead and yellow ochre, athleil in 'small sneees.sive 
portions. Pour off the clear Iluid ftJ use. 


iJLAt'lC (h)l.I) .Sl/K. 

Triturate in a mortar i tliiid o/. of oold si/e with suflieient lampblack to 
form a dense black colour. If too thick, it may be thinnei' with a little 
turpentine. 


FlNfSHINO VaRNISIIKs 
{I'or lohUc and coloured ring\). 

These are made by trituratinj; the various colours with the vehicle in a 
mortar. It will be found best, after prepaiing each colour, to ])lace them in 
saucers such as arc used by artists ; the ben/ol then evaporates, and the colour 
can be taken U]) in a brush, as n'quired, by simply moisteninj^ it with ben/ol. 

The Ti'hiilo : — 

(lum dammar 3 

( iuni mastic i o/. 

Hen/ol b o/. 


'J'hc colon) <• ‘ 

\Vhite oxul(? ol /me. 

lilue ulti amarine. 

Ked carmine. 

black lampblack. 

, (Jrcen verdigris. 

Yellow chrome-yellow. 


The forc^^oing formulae arc ^ivcii in order that micro- 
scopist.s may, when desirable, be able to compound them 
for thcmselvc.s. The author is of the opinion, however, 
that it will be found cheaper, where only small quantities 
arc required, to purchase from a dealer in microscopical 
sundric.s, as most of these articles can only be satisfactorily 
made in large quantities. On the other hand, he would 

Y 2 
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also advise that the dealers in ‘‘secret nostrums” be not 
encourac^ed, for it is generally found that the greater the 
so-called secret, tlic more quackery there is about it, and 
the less utility. 



INDEX. 
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Aijue’s researches, 114 

a])ertometer, 235 

Absorption bands, 253 
Acarus doinestieiis, 135 

farina', 135 

Accessories, 58 

Accommodation depth of eye, 114 
Acetic acid, 312 

and Ljlyccrine, 320 

Acheta domeslica, 170 
Acremonium altcrnalum, 144 
Actinic and visual foci, 210 

correction for, 212 

Aclino/oa, 160 

Adiantum capillus Veneiis, 142 
Adjustment of coverini; J * 2 

A^sculiis hippoca'^tanum, 108 
Air-pump, 260, 304 
Air-bul)bles, elimination of, 304, 307 
Alcohol, 313, 316 
Ali;.e, 132, 272 
Alkalies, 312 

Althea rosa-, pollen of, 107 
Alum bath for ncL;ati\e.s, 223 
American clip'', 298 

oculars, 43 

Amici j')risiii, 72 
Ammonia, 313 

picrate of, 264 

Ammonio-sulphate of copja'i*, 96, 216 

si)ectruni of, 253 

Amphii)leura pellucida, 103, 118 

photoLjraj^hing, 220 

Amphiprora alata, 14 1 
Amplifyinij ])0\vcr of objectives, 53 
Analysing ])rism, 239 

for eye-piece, 240 

Animalcules, 133 


! 


I 

I 


I 


Animal sections, staining, 2(15 

■ tissues, hardening, 19 1 

ptej)aiing, 190 

section-cutting, i<)3 

Anur.ia Iongisj)ina, 134 
Apertonuter, Abl>e’b, 231 
.\l)ei lutes, measuting, 56, 234 

numerical, 125 

d'.i])leof, 126 

value of w ide, i 23 

Aplanatic lenses, 106 

Ap[>aratus for citllecling mosses, 154 

Arachnitla, 135 

Arachiioidisciis blirenbergii, I40 
Aregma imlbo^um, 144 
Argulus fttliact'us, 130 
Arianged slides of Diatoms, 291, 294 
— . — Koranunifet a, 294 

I’olycistina, 294 

Artificial star test, 102 
Asellus vulgaris, 136 
Aspeigilliis allernatus, i.p; 

glaucLis, 144 

A.stromma Aristotelis, 155 
Athyiium fili.x feinina, 142 


I Jb 

' b\CIlJ.ARI\ l’.\R\D')XA, I4I 
I Baker’s treatise on the Microscope, 2 
' Balsam angles, 123 

i and bcn/ol, 322 

i mounting in, 299 

mounting in, 207 

Bangia fiiscopurpurea, 133, 272 
. J 5 arbadoe.s rock, 15 1 
’ Beck’s “Economic Staiul,” 36 

I “ International,’’ 14 

vertical illuminator, 75 

Bedding agents, 188 
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Ik*nch for mineral sccti(ms, 195 
IJenzol, 317 

and balsam, 322 

and dammar, 322 

and mastic, 322 

Jlenzolinc, 317 

biaxial crystals, rin^js in, 246 
bichloride of mercury, 314 
bichromates, 314 
binocular cyc-piccc, Tolies’, 33 

microscope, Stcj)henson’s, 33 

prism, \Venham’>, 32 

hij^rh power, 33 

bowell and Lealands, 33 

bioplasm stainiy^, 267 
black jaj)an, 322 

rinj^nn^ garnish, 323 

varnish (Davies), 322 

bleaching a^jents, 314 

in turpentine, 299 

blood, spectra of, 253 
blovv-lly, disscctin^^ 171 

internal organs of, 172 

proboscis of, loS 

blue rinj;in5.j varnish, 323 
bone, cutting; sections of, 2 01 
bosniina lonj^irostris, 136 
bolterill’s life-slide, S7 

trou^di, 87 

brij^ht spot micrometer, 256 
browniiii^’s pocket microscope, 140 

portable microsco[ic, 22, 23 

ndalini;; stand, 21 

brown’s pocket microscope, 139 
brown \arnish, 321 

celK, 2S4 

brunswick black, 322 
blushes, 167 
bulloch’s stand, 25 
JUiU’s-eye condenser, 61, 10 1 

C. 

Caok for I’odura, 310 
Cajeput, oil of, 317 
Calotte diaphragm, 64 
Cambium staining, 259 
Camel-hair brushes, 167 
Camera lucid.i, 205 
Narhefs, 207 


Camera liicida, Swift’s, 207 

photomicrographic, 208 

Camphor water, 319 
Canatla balsam varnish, 322 
Cape Lory, colouring matter from, 253 
Carbolic acid, 318 

water, 318 

Cardboard cells, 284 
Carmine staining, 262 
(^elK, 276, 284 

ammonia-sulphate of copper, 96 

■ built up, 285 

Oil-making, 283 
Cellular tissue, staining, 259 
(.'cramiiim, 133 
Chirocephalus diaiihanus, 136 
Chlorate of potash, 314 
Chloride of lime, 314, 319 

of gold staining, 266 

Chlorinatctl soda, 314, 318 
Chromates, 314 
Chromic acid, 315 
Cladonia pyxidata, 15 1 
Cladnphora, 133 
Classification of objectives, 105 
Cleaning diatoms, 139, 2S8 

mixture for glass sliiis, 274 

oculars, 44 

specimens, 2 86 

Clips, spring, 300 

whalebone, 299 

Cloves, oil of, 317 
Coal, cutting sections of, 200 
Coddington lens, 5 
Codosiga botrytis, 146 
Cremeeium, 155 
Coleoptera, 14G 

(k)leosporiuin synanthcrarurn, 144 
Coleps hirtus, 134 

Collecting apparatus for diatoms, 138 

ferns, 142 

— - case, vStaiilcy’s, 13 1 
Collection of objects, 127 
Collins’ I larley binocular, 18 
Collodio-alhumen plates, 22S 
Coloured varnishes, 323 
Compressors, 85 
Concave mirrois, 98 
(.’ondeiiscr, bull’s-eye, 61 
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Condenser, Collins’ Weljster, 66 

Webster’s, 65 

Powell and Lcaland’s, 6S 

r,oil-inimersion, 6S 

Reade’s, 68 

Wollaston’s, 65 

Swift’s, 67 

Condy’s ]nnk tluid, 251 
Construction of ol)jcctives, 47 
Convex lenses, 100 
Cordylophora, 160 ' 

Colton fibres, 302 
Cover adjustment, 1 12 
Covers, thin j^dass, 275 
Crane fly, internal organs of larva of, 
177 

Cristatella nuicedo, 155 
Crouch’s Premier binocular, 20 
Crustacea, 136 
Cuticles, mounlincj, 304 
stainiuL;, 259 

Cutting sections of animal tissues, 192 

bone, 201 

coal, 200 

rocks, 199 

teeth, 201 

veg»‘lable tissues, 189 

Cyclops (piadrieornis, 136 
Cydijipe, 160 
Cypris tristriala, 136 
CystojMis candidiis, 144 

I). 

Dammar and ben/ol, 322 

mounting in, 30 1 

1 )aphnia pule\, 136 
Darker s selei^ite lihn>', 241 
Dark well?, 8 1 
Dasya eocciiiea, 133, 272 
Deane’-^ medium, 320 
mounting in, 30S 

Delining pow er «^f obji cti ves, K) 3 » 

Dehydrating agents, 313 
Delineation of ohjeets, 203 

by ruled sguarc'^, 204 

Depth of foeiis, fig 
Desiccator, 2S7 
Developing negative'-, 221 
solutions, 221, 222 


•Diamond dust, charging slitter with, 
106 

Diaphragms, 63 

Collins’ graduating, 63 

Dancer’s apeiture, u.j 

iris, 63 

■ — — Swift’s calotte, 64 
Diatom illuminator, 72 
Diatomacea-, 117, 137 
Diatoma vuigare, 140 
Diatoms, cleaning, 139, 2SS 

mounting, 291, 299 

— arranged sliiles, 291, 294 

sei^arating, 290 

where to find, 137 

l.>idy:uium oxalate, sj)(.Vlium of, 233 
Diffiaclion, results of, 122 
Diopside, rings in, 246 • 

Dipping lulxs, 130 
l)ij)tera, [46 
I >isc-hohler, S3 

Disintegration of vegctahle matter, I So 
Dissecting, be<l<ling .igents for, 1(17 

kni\cs, 168 

mierosCojie, Ck)llms’, ibj 

— - 1 loiiston’s, ib3 

D.iwson’s, l(>4 

Stejiheiison’s bmoi ular, lt )5 

neeilles, J67 

scissors, 169 

-- — — the blow-lly, 171 

the object of, 177 

the us<‘ of, iSi 

vegetable matter, 179 

Di'-loition, fiiedom fiom, II 2 
Dollcnifl’s ex j)ei iment 43 
Doublet-, Wollaston’-, 43 
I >oubh?-image pi ism, 240 

nose-piet (g 60 

1 )oul)le staining, 262 

carmine and .'.'.re' ii, 2b2 

— picro-caimine, 263 

Wood eel I on-., I^'ron j I si 'I la !•- 

Draw-tuiie, 5S 

Diying prepaiationg 2S7 

Dry mounting, 2S5 

plates, 213, 22S 

Dyli-cu marginali-., 146, 170, 172, 


500 
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E. 

Early oljjcctives, Koss aiul Spencer, 
46 

lOchinodermata, 141 
Echinus spine, cuttinj^ sections of, 
200 

section of, II2 

hdcclric li^ljt, 217 

battery for, 218 

Elimination of air from (luid mounts, 

304 

IuiL;ravcr’s Icnsc^, 4 
Epidi-rmi.s stainiufj, 259 
Erector, 59 

table of an^ilifications, 166 

bUlier, 316 
Euchlanis dil^^ta, i-ib 
Euj^lena viridis, 134 
Extraordinary ray, 238 
Eye-pieces or oculars, 9, 40, 54 
Eye-j)iece, II uyj^heuian, 40 

Kelner’s oilhoscopie, 42 

Kamsden’s positive, 41 

Tolies’ binocular, 33 

I'. 

Err N S, 142 

collectiii|4 apparatus for, 142 

Ferrous oxalate deveh)pment, 222 
I''ine adjustment, 212 
Finishing sliiles, 292 

varnishes, 323 

Fixing solution, 224 

negatives, 225 

Flatness of field, 103, 112 
h'loscularia corniila, 146 
Flustra foliacea, 157 
Focus, depth of, 1 14 
Focussing gla-^s, aitificial, 2ii 

in phott)microgiaphy, 21 I 

Foraminifera, 143 

arranged slides of, 294 

Forceps, dissecting, 170 

mineral, S2 

stage, 81 

Fossil fungi, 201 
Freeilom fi\)m disloiiiou, 112 
Fiec/ing miciolome, 104 
French polish, 322 


‘ Frog’s lung, section of, 115 
Fungi, 144 
fossil, 201 

G. 

GaMMARUs I’t’LRX, 136 
i Gasoline, 317 
^ Glass crystallites, i!^2 

! slides or slips, 97, 273 

I rough edges, 273 

; — ^ with letlge, SS 

j Glycerine, 305, 312, 317 

■ and acetic acid, 320 

i and gum, 320 

j Glycerine-jelly, 320 

' mounting objects in, 306 

, Goadby’s lluid, 319 
1 Gold si/e, 323 

I black, 323 

! cells, 284 

: Goring’s treatise, 2 
Graduating diaphragm, 63 
Grammato{)hora maiiiia, 141 
I Green ringing varnish, 323 
Grilhlhsia, 133 
Ground glass, artificial, 21 1 
; Guaiaciiin varnish, 321 
. Guano, 290 
! Gum and glycerine, 320 
Gum water, 319 
Gyrosigma angulatum, 118 
fonnusum, 117 

! 

i n. 

I IlARri’A'is of diatoms, 137 
Hairs, stained, 259 
j 1 lardening agents, 313 

I animal tissues, 19 1 

i llartnack’s objectives, 54 
j Ileliostat, 215 

I lloggan’s section-cutting macliine, 201 

i llolhhock, pollen of, 107 
I I lomogeiieous - immersion objectives, 

I 121 

j I lorse-ehesinut stem, section of, 108 
; Hot-air chamber, 2S4 
i How to collect mosses, 154 
, Human liver, section of, 115, 117 
miisele with T, sf'iralts, 193 
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Humble bee, stiiis^ uf, 175 
ITuyi^heniaii eye-piece, 41 
Hydra viridis and fusca, 160 
Hyc^roid Zoophytes, 160 
llytlrozoa, 160 
Ilyinenoptcra, 146 
Hy[)osulphite of soda solution, 224 

r. 

Illiimixatok, Heck’s vertical, 75 

OslK)rne’s, 74 

Powell and i.ealand’s variical, 

rellex, Wenham’s, 71 

d ollcs’ interior, 76 

traversing substage, 69 

Wenliam’s diatom, 72 

white cloud, 96 

Immersion objectives, 104, I2l 

paraboloid, 78 

Inch objectives, 51 
Infusoria, 145 

mounting, 305 

Injected kidney, 192 
Injecting and staining, 259, 269 

ajiparatus, 269 

Ihiid, carmine, 269 

Ihiis-sian blue, 268 

Jnjections, opacpie, 268 

transparent, 268 

Tnsccta, 147 
Insects, mounting in babam and bcn/ol, 
299 

without jn'cssurc, 303 

Intensilication (^f negatives, 224 
Iodine solution, 319 
Iris tliaphiMgm, 63 
Isthmia en^Tv'fs, 140 

j- 

Jackson model, the, I2 
Jackson’s eye-jiiece micrometer, 233 
Japan black, 322 
Jute fibres, mounting <'f, 304 

K. 

Kei.nkr’s ortlioscopie eye-piece, 42 
Kidney, injected, 192 
Klein’s rpiarlz-plate, 242. 246 


1 ‘Knives, lOS, 1S7 

I 

I 

I L\r>Kl s for slnii's, 29S 
; Lagc-iia N(jiKinu)sa, 

I T.amps, 91-95 
! Lantern, microscope, 220 

; IrariNpareiicies, 227 

, 1 Lap, leaden, 196 

. Larva of crane-lly, 177 
j Lastrea lilix mas, 142 
I Lathe, 197 

; Laticiferou-^ vessels, 259 
; Leailen laj), 196 ^ 

i Lecauora cei ina, 150 
; l.eciilea canescens, 15 1 
j Lens, 4 

I aplanatic, 106 

j (.kxidington, 5 

I convex, 100 

j engraver’s, 4 

' magnifying jiower of, S 

j over-coi rei ti*d, lob 

; }>lano-convex, loi 

])lat\ scoj>ie, 5 

pocket, 4 

sjM.t, 77 

' StaiiIiop<‘, 5 

i Steinheil’s, 5 

' undei-conecti*(l, loG 

watehmaker’^, 

' Lepidoeyrtiis cur\ icolli'^, III, 148 

■ l.cj)idoj)tera, I4G 

I I .epi'>ma «a(H li u in.i, 1 1 1 , 148 
; lahcr-celb, staining, 259 
. Lielieiis, 149 
, sections of, 190 

mounting, 30S 

lacheikuhns, 79 

1 mounting for, 29G 

j lafe-lii'.tory of oiganisni^, 3 
j slide, Hotleidl’s, 87 

■ Light, refraction of, 97 

; modifier, 95 

' momichroinatit , 96 

; Limiting diajiliragiii, 124 
' lamniu'. ceratophylli, 146 

Liquid glue, 321 



330 


INDEX. 


Liquor potassro, 319 
Lister, J. J.’s, researches, 45 
Live-l)Oxcs, 84 
Liver, liiirnan section of, 1 15 
Locusta viridissiina, 170 
Logwood solution, 260 

staining, 259, 261 

Loj)hopiis cryslallinus, 156 
Low-angle objectives, 106, 120 

M. 

Maoen'I'A and tannin staining, 266 
Magnesium lamp, 218 
Magnifying power of lenses, 8 
Maps, nucrosj)e^trosc()pic, 257 
Marine glue, 321 

ceijs, 284 

Marsh’s section spoon, 184 
Mastic and beii/ol, 322 
Matthews’ section-cutting machine, 202 
Matt varnish, 321 

black, 321 

Measuring apertures, 56, 234 

wedge for thin glass, 275 

Mechanical finger, 293 

stage, 19 

Mclicerta ringens, 134 
Mercury, bichloride of, 314 
Mcridion circularc, no, 140 
Methylated spirit, 313, 317 
Mi era, 230 

M icnvtli.sscclioiis, 162 
Microrungi, 145 

mounting, 295 

Micrometers, 230 
stage, 230 

llrowning’s light- -pot, 256 

Jackson’s eye-piece, 233 

Kanisden's, 232 

screw, 234 

M i c rom i 1 1 i me t res , 2 3 [ 
Microphotographs, 1 12 
Microsccqies, 9 38 

working, 38 

Microscoi>e lamps, 91 95 

dissecting, l(>3-l65 

lantern, 229 

petrological, 245 

Microscopical ]>rcparation>, 27 1 


Microscopical principles, 3 

l^reparations, Dr. Pelletan on, 271 

Microscopy, old works on, 2 
Microspcctroscopc, 249 

sections of, 256 

Microtome, Dancer’s, 185 

freezing, 194 

Rutherford’s, 185, 194 

Swift’s, 186 

^|^incrals, 151 

forceps for, 82 

cutting sections of, 199 

Mirrors, concave, 98 
plane, 98 

Moisture, elimination of, 288 
iM(iller’s test-plate, 120 
; Molliisca, 1 53 
I Monochromatic light, 96 
I Monterey stone, 290 
Morpho Menelaus, no 
M orris’s rotating stage, 82 
IMosses, 154 

apparatus for collecting, 154 

how to collect, 154 

Mounting-l)oard, 301 

diatoms, 291, 299 

dry, 285, 294 

111! ids, 304 

in aqueous media, 2S5, 303 

in balsam, 297 

in glycerine, 305 

in glycerine jolly, 307 

in gum resins, 285, 296 

infusoria, 304 

insects without pre---suro, 303 

jute fibres, 3(X|. 

lichen sections, 308, 

microfungi, 295 

objects, 271 

starch-granules, 295 

Muscle, human, with 'J\ spnalis., 193 
Muscular system of animals, 244 
MyxomycetOs, hanleiiiiig protoplasm 

of, 30 

X. 

NACtU-.T’s prism, 74 
Naturalist’s studio, 132 
Xatural sine-:. Table of, 236 
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Navicula firma, 141 
lyra, 141 

rliomboides, 103, 1 17, I18 

Needles, dissecting, 167 
Neutral tint reflector, 205 
Nitrate of silver staining, 266 
Nitric acid, 313, ^14 
Nit/scliia sigmoidca, 141 

lanceolata, 141 

Nobert’s banils, 119 ^ 

Noctiluca miliaris, 137 
Nodosal ia raphanus, 144 
Nose-iuece, ilouble, 60 

vSwift’.s centering, 60 

Numerical apertures, 125 

(_). 

Onji'.CTivEs, 9, 45 

amiilifying power of, 53 

llartnack, 54 

/eiss, 55 

construction of, 47 

correction of, for pliotomicro- 

grapliy, 210 

depth of focus of, 1 14 

homogencous-iniinersion, 121 

ininiersion, 104, I 2 I 

improvements in, 46 

low angle, 106 

i-incb, 51 

]u*oj)osed classilicalion of, 105 

selection of, 49 

separating, 48 

Swift’s short mounted, 52 

Wenham’s new formula for, 52 

Object of dissecting, 177 
Objects, colhKtion of, 127 

delineation of, 203 

by ruled s(|uares, 204 

for polariscope, 248 

Oculars, 40 

American nomenclature, 43 

cleaning, 44 

relative power of, 43 

Odontophorc, 153 

of Patella 7'ul^ata^ 1 53 

Oidium aurantiacum, 144 
Oil-immersion condensers, 6tS 
of cajeput, 317 
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"oil of cloves, 317 

of vitriol, 313 

Old uorks on microscopy, 3 
Ojxupie injections, 26S 
Orbitolites compl. Hiatus, 144 
Ordinary ray, 23S 
Organisms, life-history of, 3 
(^rthopteia, 146 

Orthoscopic eye-piece, Keliiei’s, 42 
Osborne’s illuminator, 74 
Oscillatoria, 132 
Osmie acid, hardening, 314 

staining, 265 

Over-corrected lenses, 106 
( )ver-exposed negativij^, 214 
Oxydising agents, 314 
Oyster, organs of, 179 ^ 

r. 

rATHK cells, 2 84 
I’apulaspora sejiidonioides, 144 
I’arabolic reflector, 79 
Paraboloid, 77 

immersion, 78 

Paramecium aurelia, 129, 134 
Parasitica, 146 
Ikiiasite, sjuHtriim of, 253 
Parmelia paiielina, 150 
J’atella vulgala, 153, 178 
IVdargonium, jietal of, iio 
Penetrating ]>ower, 103, 113 
Ponetratioii, Abbe’s researches on, 1 14, 

1*5 

IVnicillium cnistaccum, 1 44 

setophilum, I44 

Periwinkle, 17S 

organs fd', 1 79 

I’eroriospora infestan-, 144 

vici.e, 144 

Peron( »sj )orites, 20 1 
Pertusaria communis, 151 
Petal of pelargfmium, 1 
I’ctroleum naplitlia, 317 
Petrological niiv. ro-.cope, 245 
Petrology, 246 
I'hiloflina megalolroclia, 146 
Pliosphoric acid, 313 
Photographing on \sood, 227 
I*hotograj)hic vaini-h, 322 
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IMiol();^rai)liinj^ Aniphiplcitra pclluciUa^ , 
220 

rh()lo-)iiicro{;raphy, 208 

canicni for, 208, 209, 213 

corrcetion of oljjectivcs for, 210 

— (lryin{^ nL'g.ilivcs, 225 

electric 217 

fixing imajro, 225 

- - niaLOiesiuin lii^lit, 219 

sun lij'lit, 214 

'rablc of ain|)liricati<>ns, 208 

workin;^^ witli cyc-|)iecc'», 209 

Pliyscia ciliaris, 151 
I’icro-cannine slaiiiiii^^ 263 
IMne w(^o(l, srct^jii of, lio 
rinnularia ra<lio<i, 141 
- - viridis, ,'41 
Piths, staim‘(l, 259 
Pittc<l^vc'-.s^‘ls, 259 
Plain mirrors, 98 
lMano-convt‘x lenses, loi 
Platyscopic lens, 5 
Pleui ohrachia pileus, 160 
Pleurosiipna an.L;ulatiiin, 103, 1 iS 
Pocket lenses, 4 

— microscope, 139, 140 

Ikxlocyrtis Scliomi)urL;ii, 155 
Pod lira, 1 10, 14S 
Podiira-cai^o, 310 
Polariscopi', 23S 
Pi>lari/ing ohji*cts, list of, 2.}S 

jnism, 238, 239 

Polisliini; laji, 196 
Pollen, Altht'ii rosn ^ 107, 15S, 296 

hollyhock, 1 07 

Pidyactis fascicul.iris, 144 
Polycistina, 151, 154 

arranj^cd slides of, 294 

Polyoinmalus argils, ill, 148 
Polypidc, 155 
Polystomclla crispa, 14 1 
Polyzoa, 155 
Pond fd ter, 130 

-scoop, 1 28 

Forphyrino, 151 

Positive eye-piece, Kamsden’s, 42 
Postage of slide's, 31 1 
Potash, 313, 319 

Powell »!s: Lealand's hiiiocular jnisin, 33 


Powell & Lealand’s oil-immersion con- 
denser, 68 

stand, 13 

vertical illuminator, 75 

Power, amjdifying, of objectives, 53 

relative, of oculars, 43 

Preparation and mounting of objects, 
271 

Preparing animal tissues, 190 
P^reserving insects for dissection, 173 

I zooj)hytes, 16 1 

i Prism, Amici’s, 73 

I analysing, 239 

i Nachet, 74 

I NicoPs, 239 

' Stephenson’s binocular, 35 

j Wenham’s binocular, 32 

' Woodward's, 73 

i I’ritehard’s micro-^copic cabinet, 2 
; Proboscis of blow-lly, loS 
I Pteris aquilina, 142 
I Ptilota, 133 
. Puccinia graminis, 144 
i Purifying diatoms, 139 
I Pyrogallic acid anti iron, 265 
! developer, 22 1 

I {). 

I (,)UARr/.-i’i„\’iK, Klein’s, 242 

• action of Kicol prism on, 

243 

, rotatory polarisation on, 242 

scale, 255 

I (Juekett’s treatise, 2 

R. 

I Rai f’s liquid, 320 
Kamsden’s eye-])iece mic» )iqfter, 232 

; positive eye-piece, 41 

i screw micrometer, 234 

I Razor guards, 187 
I Keade’s condenser, 67 
; Reagents, 312 
Real images, 6 
Recipes, 31S 

Redmayne’s collecting api^aratus, 13S 
Red ringing varnish, 323 
Reflector, neutral tint, 205 

parabolic, 79 

side, 80 
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Reflex illuminator, Wcnhain’s, 71 
Refraction of light, 97 
Refractive imliccs, I'ablc of, 9S 
Relative power of oculars, 43 
Resolving jmwer of objectives, 103,11 
Revolving tabic, 90 
Rezner’s mechanical finger, 294 
Rhinoceros horn, 244 
Rhomb of Iceland spar, 240 
Rhopalocanium ornatum, 155 
Rhojialomyces ])airulus, 144 
Ringing varnishes, 323 
Rings in biaxial crystal, 24b 
Rock-sections, cutting, 199 

mounting of, 297 

Rosewood slij-)',, 274 
Ross, early objectives, 46 

model, II 

stands, 10, 12 

Zentmayer’s stand, 27 

Rotatoria, 145 
Rotifer trap, 83 

Rutherfonrs micredome, 1 85, 194 
S. 

Safety cage, 89 
Salj^ina redunca, 134 
Saws of saw-tly, 1 74 
Scale of I’otlura, no 
Sciopticon, 212, 228 
Scissors, 169 

ScolojK-ndrium vulgare, 142 
Sea-anemones, 160 
Section-cutter, comimm, 184 

I laile’s, 184 

IJoggan’s, 201 

Matthews’, 202 

Ruthv*rford’s, 1S5, 194 

Swift's, 186 

Section-knives, 187 

lifter, 184 

vSections, animal, 193 

bleaching, 260 

— - — bone, cutting, 201 

coal, cutting, 200 

cutting, 182 

bedding agents for, 1 88 

Kchinus spine, 112, F13, 200 

frog’s lung, 1 15 


) 

Sections, horse-chestnut, loS 

■ human liver, 117 

lichens, 190 

mounting. 308 

pine wood, 1 10 

— -- ix)».ks, 199 

teeth, 201 

- — vegetable, 189 

\\ ood, 1 58 

Selection of ol)jectives, 4(1 
Selenite films, 241 

I):irkers, 241 

stage, 24 1 

Sending slides by jiost, 310 
Separating diatoms, 204 

objei tives, 48 ^ 

Shoit-moimti'd objectives, 52 
Si<le reflectors, 80 ^ 

Sipln)noj)tera, 146 
Size, 267 

151 _ 

! Slide box, Stokes's, 309 

j centerer, 274, 275 

{ -- - sending by po-it, 310 
Slips, 97 
Slitter, 195 

charging with diamond dust, 196 

Slitting and ])olishing bench, 195 
Smith’s inoimtiiig iiistiiiment, 308 
Soda, 313 

Softening agents, 312 
Solar heat, 215 
Sol \ cuts, 316 
Sorby’s weflg(t cell, 25 I 
Spectra of various substances, 253 
Spectroscope, 249, 25b 
' Spectroscopic majis, 257 
Spencer’s early objectives, 4b 
S})icer’s fluid, 319 

Spine, Kchinus, section of, 1 12, 1 1 3, 2 or 5 
Sporocybe al tern at a, 1 44 
• Spot lens, 77 
S])ring clips, yx.) 

sci-sois, 169 

Stachyboti) lobulata, 144 
! atra, 144 

' Stage-foiceps, 81 

rotating, 82 

Staining and injecting, 259 
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Stainin'^ animal sections, 265 

hioplasiii, 267 

carmine and j^o'cen, 262 

cliloride of [^old, 266 

l();^W(;(jd, 259 

nitrate of silver, 266 

osmic acid, 2O5 

])icro-caMnine, 263 

pyro^^allic acid and iion, 265 

tannin an<l ma!:;cnta, 266 

Stand, Heck’s, 14 

l^conoinic, 36 

Ilrownini^’s portable, 22, 23 

lliillocli, 29 

Ci)llins’ Harley, iS 

Cr()ucl^^*2() 

Powell and l.ealand, 13 

,lv()ss, ,10, 12 

/entmayer, 27 

Stephcns(m’s binocidar, 34 

Swift’s Cballen^e, lO 

W.'itson’s patent, 30 

Stanhope lens, 5 
Starches, 158, 159 

under polarised lij,dit, 243 

Starch - j^ranules, mountinj^ of, 2951 

304 

Steinheil’s lenses, 5 
Stei)hanoeeros I'acliornii, 146 
Slei)henson’s binocular microscope, 34 

prism, 35 

safety cai^e, 89 

Stiny; of humble bee, 175 

wasp, 176 

Stokes’s slide box, 309 
Substaj^e illuminator, 69 
Sulphate of copi)er cell, 96 
Sunlij^ht method of photomicroi;raphy, 
214 

Swift’s petroU\L;ical microscope, 244 

short mounted objectives, 52 

Syringe, 170 

Taulk of experiments of tlepth 

of vision, 1 15 

amplifying; power of single lenses, 

8 


Table of apertures, 126 

corrections of visual and actinic 

foci, 212 

exposures, photomicrography, 213 

erector amplifications, 166 

magnifying power of eye-pieces 

and objectives, 53 

llaitnack, 54 

— Zeiss, 55 

micras and micromillimetrcs, 231 

Moller’s test-plate, 120 

I natural sines, 236 

i Nobert’s test-plate, II9 

I penetrating and illuminating 

I power, 1 16 

photomicrographical amplifica- 
tion, 208 

proposed catalogue for objectives, 

*05 

refractive indices, 98 

relative power of oculars, 43 

revolving, 91 

'raimin, 314 

'feeth, cutting sections of, 201 
Telesco])ic walking-stick, 128 
Thin glass covers, 97, 275 
-- — measuring wedge for, 275 
Tliw'aites’s lliiid, 320 
d'ilctia caries, 144 
Tissues, hardening animal, 191 
in'cparing animal, 190 
'folles’ binocular eye-piece, 33 

interior illuminator, 76 

i Toning baths, 226 
Touimaline, 240 
! Tow net, 129 
Trachea of water beetle, i^OQ 
Transparencies for lantern, 228 
'rransparent injections, 268 
'freatise, Baker’s, 2 

Goring’s, 2 

— - Pritchard’s, 2 
— — Quekett’s, 2 
Triartlira longiseta, 1 34 
Trichina spiralis, 193, 306 
Triplexicon, 212, 22S 
! Troughs, Botterill's, 87 

! dissecting, 167 

I zoophyte, 85 
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Tuhularia ramea, i6o 
Tullcy’s achromatic, 45 
Turacus albocristatus, 254 
'rurrftablcs, 276-283 
Turntable, Ariiibtron^’s, 279 

AyUvanl's, 2S3 

Bridj^maii’s, 277 

Butterw orlh’s, 27S 

CoiiL^ress, 2S0 

Cox’s, 278 

Dunning’s, 282 

Kinne’s, 279 

Matthews’, 276 

Ij^olfe’s, 281 

vShadbolt’s, 276 

— — Zentmayer’s, 277 
Turpentine, 314 
bleachiiii; in, 299 


UNDK.K-t’ORKEC I ED leilsC's, Io6 
Uniaxial trystals, rin*.;s in, 247 
Useless parapliernalia, 4 
IJbiiea Ijarbata, 150 
Ustilagu segetuin, 144 


Valkni ine’s knife, 183 

Maddox’s form of, 183 

Vallisneria spiralis, 116 
Varnish cells, 284 
\'arnishes, 321-323 
\Tgctable matter, tlisintegration 
180 

dissection of, 179 

prc[)arations, 157 

sccti^n-tfutting, 189 

Vertical illuminators, 75 
Viilual images, 6 
Vivarium, 149 
Volvox glol^ator, 132 


Wai.kind-stu k, telescopic, 12S 
Wash bottle. 270 
Wasp, sting of, 176 
Watchmaker’s lenses, 4 
Water beetle, trachea of, u:x) 
Watson’s patent staiul, 20 
Wax cells, 2S4 
Wedge cell, Soiby’s, 25 I 
Weiiham’s binocul.ir ]>rism, 32 

-- high power, 33 

diatom illuminator, 72, 119 

obiectives, new fonnula for, 52 

• rellcx illuminators, 71 

Wet and dry plates, 2 '3 

Whalebone clip, 299 

Wheat starch, mounting in dammai 

301 

W'hisker, cat’s, 294 
White cloud illuminator, t)() 

White zinc varnish, 323 
Wide apeitures, \ahu‘ of, 123 
\V(.)llaston’s (h)ublels, 45 
Woodward s prism, 73 
Wood, [ihotogiaphing on, 227 

sections, 158 (h'RoN' I'lsflKCK) 

Working distance*, 103 
microsco[>e, 38 


Vi:eL()\v ringing varnish, 323 


Zen'IMAYER’s meclianical finger, 293 
Zeiss’s objectives, 55 
Zincs for electric liglit battery, 218 
Zoophyte, 160 

troughs, 85 

Zoopli>t e->, liiesei viiig , 161 
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i'irst-(!i;iass ,innttriiational ^loarbs. 



COLLEGE MIOEOSCOPE, as shown, with 1-inch 

inch Objectives, in Case .. .. £6 15s. 

Without rack, coarse adjustment .. .. 5 5s. 

' 1 ‘lic fiiu* adjustment of this Instrument is of cn- 
tiiely novel construction, which renders it impossihle 
to ])e deninLied, and it will work steadily with a '25-111011 
'hjcct-^lass. 

'This Instrument is recomnicndod by the prin- 
cipal Physiologists of the day, viz. : 

I )rs. Peak', Cai’iienter, and Groves ; 
Profcssois Prown, Axe, Ruthcrfonl, 

Scliafcr, &c., i^c. 


MESSES. SWIPT & SON’S 

Challenge Microscope, 

With 01 \jectives,&c., in Cabinet, 
i from £15 8s. to £ 20 . 


New Re(;istcred Form of Para- 
boloid, for use with Ili^^li and 
Low Powers, fitted to any Micro- 
scope, jCi 12s. 


NEW REVOLVING MICROSCOPE TABLE IN WALNUT (with 
frictionless bearings), £5 5s. 

• IN BLACK AND GOLD, £6 10s. 


Illustrati'd Ciiialoi^^uc of improved and novel Microscopes, Apparatu .. 
&^e.,for Six Stamps, mailed free. 

Catalogue of Portable and Astro Telescopes for Two Stamps. 
Ditto, of Microscope Objects. 
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